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QUESTIONS SURROUNDING THE 
^HOCKEY STICK’ TEMPERATURE 
STUDIES: IMPLICATIONS FOR CLIMATE 
CHANGE ASSESSMENTS 


WEDNESDAY, JULY 19, 2006 

House of Representatives, 

Committee on Energy and Commerce, 
Subcommittee on Oversight and Investigations, 

Washington, DC. 


The subcommittee met, pursuant to notice, at 10:07 a.m., in Room 
2123 of the Rayburn House Office Building, Hon. Ed Whitfield 
(Chairman) presiding. 

Members present: Representatives Walden, Bass, Steams, Burgess, 
Blackburn, Barton (ex officio), Stupak, Schakowsky, Inslee, Baldwin, 
Waxman, and Whitfield. 

Staff present: Mark Paoletta, Chief Counsel for Oversight and 
Investigations; Peter Spencer, Professional Staff Member; Tom Feddo, 
Counsel; Matt Johnson, Legislative Clerk; Mike Abraham, Legislative 
Clerk; Ryan Ambrose, Legislative Clerk; David Vogel, Minority 
Research Assistant; Chris Knauer, Minority Investigator; Lorie Schmidt, 
Minority Counsel; and Edith Holleman, Minority Counsel. 

Mr. Whitfield. I call this hearing to order this morning. 

Albert Gore’s first movie, or documentary, entitled “An 
Inconvenient Tmth” is the most recent of many topics in years and years 
of focus on the subject of global warming, and 95 percent of the 
American people certainly are familiar with the term “global warming” 
and they know basically what it means, I would think. However, 95 
percent of the American people and certainly 95 percent of the Members 
of the U.S. Congress have not had the time to examine the data used by 
scientists, paleoclimatologists, and statisticians nor do they have the 
inclination to do so, to look at that data that is used to predict the 
probability that the temperature of one century is warmer or cooler than 
that of another century. 

Now, the United Nations Intergovernmental Panel on Climate 
Change is the world body with most of the interest and does focus on this 
subject of global warming. And it is the body that most people look to 
on this subject. Now, for many years the Intergovernmental Panel on 
Climate Change used a chart that clearly shows the temperature from 
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1000 A.D. to about 1450 A.D., that the temperatures during that period 
were significantly warmer than the latter part of the 20^^ Century, or the 
late 1990s. Now, in 1998 and 1999, a paleoclimatologist. Dr. Michael 
Mann, with Raymond Bradley and Dr. Malcolm Hughes, introduced a 
new technique to develop more quantitative estimates of the nature of 
climate change since 1000 A.D. and concluded that the late 20^^ Century 
was the warmest in 1,000 years, that the warming during the late 1990s 
was the warmest in over 1,000 years. Now, as a result of that report, the 
IPCC incorporated the study with other data which eliminated the 
warming period for 1000 A.D. to 1450 A.D. and incorporated a new 
graph referred to as the “hockey stick” graph, which shows remarkable 
warming in the late 1990s. Now, when Chairman Barton and I wrote a 
letter asking that the Mann report be reviewed by some statisticians, 
there was a hue and cry around the country among many people in the 
news media that we were being totally political, that all we were trying to 
do was gut this issue that global warming is occurring. But I think quite 
sincerely that we have a responsibility when public policy decisions 
being made on reports like the Mann report and others have such a broad 
impact on so much of our society and certainly the Kyoto arguments 
were primarily based on this new chart, that the U.S. should be part of 
Kyoto. That was an important part of that. And so what we did was, we 
asked that Dr. Wegman and a team that he had review these data. Now, 
when we did that. Sherry Boehlert, who is a good Republican friend of 
ours and is Chairman of the Science Committee, was quite upset about it 
and he said I think you all are being political also, and he asked that we 
ask Dr. North, who is going to be a witness, and would like for him to be 
involved in this data analysis, and he is going to be a witness today also. 
But the real purpose of this is that this issue is so important that I think it 
is imperative that we hear from all sides and try to get some real 
understanding of the strengths and weaknesses of these reports. 

Now, Dr. Wegman is going to testify today that the mathematics 
used by Mann is incorrect and wrong. Dr. North, I think on page five of 
his testimony, says that they have some concerns about it, the math. But 
the first witness today is going to be Dr. Edward Wegman, a statistician 
from George Mason University, and on his team was Dr. David Scott 
from Rice University and Dr. Yasmin Said from Johns Hopkins, and she 
is sitting behind him there. Dr. Wegman is Chairman of the National 
Academy of Sciences Committee on Applied and Theoretical Statistics, 
and at the committee’s request he assembled this ad hoc committee of 
statisticians to examine the hockey stick studies and related articles and 
his committee report prepared for Chairman Barton and me and the 
committee and publicly released this Friday provides important findings 
for Congress and the public to consider about the soundness and 
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openness of climate change research and assessment and I can tell you 
right now that his document has been peer reviewed also, and we will get 
into that later. 

In addition to Dr. Wegman, we have Dr. Gerald North of Texas 
A&M University, who will testify on the first panel about the current 
state of historical temperature understanding. Dr. North chaired a recent 
National Research Council panel on historical temperature 
reconstructions and we look forward to hearing his perspective for 
improving climate change assessments. And to help us understand some 
particulars of the IPCC process, we will hear testimony on the second 
panel from Dr. Thomas Karl, who is a coordinating author of the chapter 
upon which Dr. Mann and his colleagues worked. Dr. Thomas Crowley 
of Duke University will be here and Dr. Hans von Storch, who traveled 
from Germany to be with us this morning. Both will provide their views 
concerning the questions about the hockey stick study as well as 
questions concerning data sharing, transparency and the IPCC process. 

Finally, I would like to welcome Mr. Stephen McIntyre, who will 
testify about attempting to understanding just what was behind the 
hockey stick graphic promoted by the IPCC. His work is a testament to 
the value of open debate and scrutiny. 

Now, I have talked about Dr. Mann and we invited Dr. Mann to be 
here today and he was unable to be here. We are extending another 
invitation for him to come and hope that maybe he will be here next 
week. Now, even though Dr. Mann could not come, he specifically 
asked us to request Dr. Crowley to testify on his behalf and Dr. Crowley 
is with us today from Duke University, and we look forward to his 
testimony. But as I said, the real purpose of this hearing is, let us just 
open the book. Let us look at everything. Let us look at the criticisms of 
all parties and see exactly where we are on this important issue of global 
climate change. 

[The prepared statement of Hon. Ed Whitfield follows:] 

Prepared Statement of the Hon. Ed Whitfield, Chairman, Subcommittee on 
Oversight and Investigations 

Good morning and welcome. We convene this hearing today to consider questions 
that begin with and surround the reliability of two particular studies of historical 
temperatures that gained an extraordinary level of public prominence a few years ago, 
and recently featured in former Vice President A1 Gore’s motion picture, “An 
Inconvenient Truth.” 

In 2001, the results of these studies were used to promote the view that the very 
recent average temperatures of the northern hemisphere were likely the warmest in 1,000 
years. The temperature history results were portrayed in what is widely known as the 
‘hockey stick’ graph, for its resemblance to the shape of a hockey stick. As a result, these 
studies are known as the “hockey stick” studies. 
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With its relatively long and even trend for 900 years and then sharp up-tiek during 
the 20^^ Century, the “hoekey stiek” graph effeetively undermined what had been the 
prevailing view that we had experieneed periods of similar or even higher average 
temperatures in the past - sueh as when the Vikings inhabited Greenland. 

The faet that the United Nation’s Intergovernmental Panel on Climate Change, or 
IPCC, prominently relied upon the graph lent the graph its apparent authority. The IPCC 
is an influential international body that eonduets seientifie assessments for use by 
polieymakers. 

The graph offered a simple and powerful message for the publie and polieymakers 
to understand. It was also a message that some say may have been based on faulty 
methodology. The “hoekey stiek” studies formed the basis for the IPCC finding in 2001 
that the 1990s were likely the warmest deeade of the millennium and 1998 likely the 
warmest year during that time. Some of today’s witnesses will deseribe in detail that the 
“hoekey stiek” studies were eritieally flawed and eould not support the findings reaehed 
by these studies. 

Had the ‘hoekey stiek’ studies remained in the niehe of elimate ehange journals, we 
would not be holding this hearing. Instead, we are here beeause the questions 
surrounding these studies relate direetly to the strength of the findings in the first plaee. 
What does the “hoekey stiek” story say about the reliability of these studies for 
polieymakers? 

Last summer. Chairman Barton and I inquired into this matter after we learned that 
the lead author of these federally funded studies - Dr. Miehael Mann - to share the 
eomputer eode he used to generate his results with researehers who sought to replieate the 
result of Mann’s studies. The researehers, one of whom will testify today, reportedly 
eould not replieate his work based on what the study said. The researehers nevertheless 
identified several methodologieal and data problems with the work. 

How eritieal were these problems identified by these researehers? Were the 
problems undeteeted beeause Dr. Mann assessed his own work in an IPCC report? 

These are serious questions, and the answers eontain broad implieations for global 
poliey on elimate ehange. We should ensure that seienee is providing us with reliable, 
balaneed, well-eonsidered, and unbiased answers. 

Today, our witnesses will help us address these eritieal questions. 

I want to weleome, espeeially. Dr. Edward Wegman, a statistieian with George 
Mason University, who will lead off the first panel this morning. Dr. Wegman is 
Chairman of the National Aeademy of Seienees Committee on Applied and Theoretieal 
Statisties. At the Committee request. Dr. Wegman assembled an ad-hoe eommittee of 
statistieians to examine the hoekey stiek studies and related artieles. His eommittee ’s 
report, prepared for Chairman Barton and me and publiely released this past Friday, 
provides important findings for Congress - and the publie - to eonsider about the 
soundness and openness of elimate ehange researeh and assessments. The Wegman 
Committee not only identified fundamental flaws in the “hoekey stiek” studies, it also 
addressed the larger point that elimate ehange studies, like any work with potentially 
large poliey implieations, must be subjeet to eareful and broad serutiny. 

Dr. Wegman and his team performed their work eompletely independent of the 
Committee and without eharge. I believe Dr. Wegman’ s team has done a great publie 
serviee and their work should help us improve how we diseuss elimate ehange when 
erafting poliey. 

Additionally, Dr. Gerald North, of Texas A&M University, will testify on the first 
panel about the eurrent state of historieal temperature understanding. Dr. North ehaired a 
reeent National Researeh Couneil panel on historieal temperature reeonstruetions, and I 
look forward to hearing his perspeetive for improving elimate ehange assessments. 

To help us understand some partieulars of the IPCC proeess, we’ll hear testimony on 
the seeond panel from Dr. Thomas Karl, who was a eoordinating author of the ehapter 
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upon which Dr. Mann and his colleagues worked. Dr. Thomas Crowley, of Duke 
University, and Dr. Hans von Storch - who traveled from Germany to be with us this 
morning - both can provide their considered views concerning the questions about the 
“hockey stick” studies, as well as questions concerning data sharing, transparency, and 
the IPCC process. 

Finally, I’d like to welcome Mr. Steven McIntyre. Mr. McIntyre will testify about 
attempting to understand just what was behind the hockey stick graphic promoted by the 
IPCC. His examination of the facts underlying the assessments’ claims really initiated 
some of the important questions concerning the scrutiny provided by climate change 
assessments. His work is a testament to the value of open debate and scrutiny. His 
perseverance should be commended. 

Let me add that we did invite Dr. Mann to this hearing, but his attorney explained 
that he was unavailable, on family vacation. Dr. Mann suggested Dr. Crowley could 
come in his place. We do hope to have Dr. Mann at a future hearing, however. 

At the end of the day, the issues of climate change require open and objective 
discussion. Some of the work we’ll consider today points to the value of policy decisions 
that are informed by sound science and objective advice. 

I’ll now yield to Mr. Stupak, our ranking member, for his opening statement. 

Mr. Whitfield. At this time, I would like to recognize Mr. Stupak 
of Michigan for his opening statement. 

Mr. Stupak. Thank you, Mr. Chairman. 

It is a little bewildering to me why the committee is holding its very 
first hearing on global warming to referee a dispute over a 1999 hockey 
stick graph of global temperatures for the past millennium. Mr. 
Chairman, in your opening statement you claim that Dr. Mann’s hockey 
stick report of 1999 was the basis for the Kyoto Accord. According to 
my recollection, Kyoto was in 1997, so it could not have been the basis 
for the Kyoto Accord. 

So as we will hear at this hearing today, global warming science has 
moved on since Dr. Mann put forth his study in 1999. Dr. Mann, who 
did this study, has made changes and even such diehard opponents as 
President Bush now actually admit that global warming exists and must 
be addressed. Congress is particularly ill-suited to decide scientific 
debates. There has been no attempt by this committee to obtain an 
unbiased view of the work done by Dr. Michael Mann, the author of the 
hockey stick research. Dr. Mann, who has done additional work with his 
methodology since 1999, is not even here to confront his critics because 
the Majority would not even postpone this hearing until Dr. Mann could 
be available. Moreover, it was known from the beginning that Dr. Mann 
used a new methodology and proxy material to reconstruct temperatures. 

Paleoclimatologists, those who try to reconstruct ancient climates, 
are not working with instrumental measurements of temperature as we 
have today. Paleoclimatologists are looking at tree rings, ice cores, bore 
heads and historical records to attempt to determine what happened in an 
earlier time. That is all the research materials paleoclimatologists have 
and it is an admittedly imprecise science. It should not surprise us if the 
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initial work in a new field can be improved. What should surprise us is 
that Dr. Wegman’s report focuses on critiques of Dr. Mann’s first work 
in 1998 and 1999, even though the field of large-scale temperature 
reconstruction has advanced since that time. 

The Majority paid for a report to independently verify the critiques 
of Dr. Mann’s 1999 research by a statistician but without any input from 
a climatologist. The Majority left it to the Science Committee to ask the 
National Academy of Sciences to do a full review of all the science 
represented. The Majority made no effort to verify whether the patterns 
in global temperatures detected in the Mann study were valid or 
coincided with conclusions of other researchers in global warming. 

It is now 7 years since the original work was published and much 
additional work has been done by Dr. Mann and others. As we will hear 
from Dr. North, who chaired the NAS study, the patterns were verified 
with certainty for recent years but less certain for the years 1000 to 1600 
A.D. That is to be expected because there is less data from this long ago 
era. Dr. Wegman has an eminent background in statistics and he 
believes that statisticians should be included in the research teams of all 
these studies because statisticians can make studies better. Perhaps they 
can. Dr. Wegman says Dr. Mann didn’t center his data properly. 
Perhaps he didn’t. But we note that Dr. Wegman’s work is not yet 
published or peer reviewed so it is very difficult for us to evaluate his 
work. Dr. Wegman’s criticism of Dr. Mann should have been 
interdisciplinary and include a statistician can also be said of Dr. 
Wegman’s work. Dr. Wegman did not have a climate scientist on his 
team. However, Dr. Wegman has decided to go beyond his statistical 
expertise to hypothesize that Dr. Mann was allowed to publish and 
defend his work because of the small “social network” of 
paleoclimatologists who work with each other and protect each other. I 
want to emphasize that this is simply a hypothesis. Mr. Chairman, 
whatever the purpose of this hearing is, it is not to hypothesize about the 
impact of professional scientific relationships on research unless we have 
some hard objective evidence. 

We in Washington know all about undue influence on government 
scientists. A political appointee at NASA just recently tried to keep 
James Hanson, a veteran atmosphere scientist, from discussing the dire 
consequences of global warming by threatening dire consequences to Mr. 
Hanson’s employment status. The science content has been changed on 
NASA and other government websites because it didn’t fit the 
Administration’s world view. This fact ought to be of much more 
interest to this committee, the Oversight and Investigations Committee, 
than hypothesis about scientific social networking. 
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And with that, Mr. Chairman, I would yield back the balance of my 
time. 

Mr. Whitfield. Mr. Stupak, thank you. I also want to thank you 
for pointing out an incorrect statement that I made. I said something 
about the hockey stick being the impetus for Kyoto. Kyoto certainly 
started way before the hockey stick but the hockey stick graph did add 
impetus to the argument for the adoption of Kyoto, so I want to thank 
you for that. Also, I would point out that the committee did not pay Mr. 
Wegman for this report, we simply contacted him asking him to review 
it. 

At this time I recognize the full committee Chairman, Mr. Barton. 

Chairman Barton. Thank you, Mr. Chairman. I have a written 
statement, I am going to use some of it, but I want to speak 
extemporaneously briefly based on what my good friend from Michigan, 
Mr. Stupak, just said. 

The purpose of oversight and investigation is to do exactly that, to 
oversee the jurisdictional issues before this committee and when it seems 
to be called for to investigate issues that arise because of the oversight. 
There has been a disagreement for a number of years in the community 
at large about the issue of global warming. In this Congress, there has 
been a disagreement between the Chairman of the Science Committee 
and myself about that issue. That is normal and that is not anything that 
is a negative. But there were some statements made about a specific 
report by a number of people that basically use that report to come to the 
conclusion that global warming was a fact and that the 1990s was the 
hottest decade on record and that one year, 1998, was the hottest year in 
the millennium. Now, a millennium is a thousand years. That is a pretty 
bold statement. So Chairman Whitfield and myself decided, let us take 
this report that is the basis for many of these conclusions and has been 
circulated widely and once it is in the mainstream, it is stipulated that 
because of that, everything else follows and let us see if it can be 
replicated. Let us see if in fact the facts as purported in that report are in 
truth the facts. 

Now, I have not seen Dr. Wegman until I walked in this room. I 
have not talked to him on the phone or in person or any of his 
collaborators. I may have seen Dr. North at Texas A&M since I went to 
Texas A&M. I don’t recall it but it is possible. He has got enough white 
in his hair that I could have been one of his students and I wouldn’t 
remember it, so I can’t stipulate that I have never met him but I can 
stipulate that I have never met Dr. Wegman. We asked to find some 
experts to try to replicate Dr. Mann’s work. Now, to their credit, when 
Dr. Wegman agreed to do it, he asked for no compensation. I don’t think 
we have even paid him for the fax paper that he has used. He picked 
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some eminent statisticians in his field and they studied this thing. Had 
their report said Dr. Mann’s data can be replicated, his conclusions are 
right on point, he is totally correct, we would have reported that, but that 
is not what they said. Now, I took statistics at Texas A&M and I also 
took them in graduate school. I made A’s and B’s, but I really didn’t 
understand it but I kind of understand it. And according to Dr. Wegman, 
Dr. Mann made a fundamental error. He decentered the data. Now, to 
the average person, that doesn’t mean squat. What does “decentered the 
data” mean? What it means apparently is, he moved it off center a little 
bit by enough that it really makes a difference and then using some 
statistical techniques that instead of looking at all the variables and in a 
complex system like climate you are going to have lots of variables, he 
chose one or two as the principal variables and used those to explain 
everything else, and Dr. Wegman and his colleagues who as far as I 
know have got no axe to grind, have said the Mann study is fiat wrong. 
Now, it may be wrong just kind of unintentionally. Dr. Wegman doesn’t 
say there is any intent to deceive but he says it is flat wrong. Now, if that 
is not the purpose of the Oversight Subcommittee of the Energy and 
Commerce Committee that has got jurisdiction over energy and 
environmental policy for the United States of America, then I don’t know 
what this subcommittee should be doing. 

So I want to thank Dr. Wegman and his colleagues for giving us an 
unvarnished, flat out non-political report. Now, admittedly, that report is 
going to be used probably for political purposes but that is not what he 
did, and I want to thank Dr. North for the work that he did in this 
document. Now, it is a lot thicker than Dr. Wegman’ s document, and Dr. 
North and his colleagues have kind of looked at the same subject and 
they have come to a somewhat little— they are little bit more, I don’t want 
to use the technical term wishy-washy but they are kind of on both sides 
of it, but even Dr. North’s report says that the absolute basic conclusion 
in Dr. Mann’s work cannot be guaranteed. This report says it is 
plausible. Lots of things are plausible. Dr. Wegman’ s report says it is 
wrong. 

Now, what we are going to do after today’s hearing, we are going to 
take Dr. Wegman ’s report, and if my friends on the Minority want to 
shop it to their experts, so be it. We are going to put it up there, let 
everybody who wants to, take a shot at it. Now, my guess is that since 
Dr. Wegman came into this with no political axe to grind, that it is going 
to stand up pretty well. If Dr. Mann and his colleagues are right, their 
conclusion may be right— Dr. Mann’s conclusion may be right but you 
can’t verify it from his statistics in his model so if Dr. Mann’s conclusion 
is right, it is incumbent upon him and his colleagues to go back, get the 
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math right, get the data points right, get the modeling right. That is what 
science is about. 

So I want to thank you, Mr. Chairman, for holding this hearing. I am 
planning to participate fully and extensively. I have got a whole series of 
questions. I stayed up half the night studying all the various documents 
so I hope that by the end of today we can shed some light on a subject 
that is very, very important to the future economic and health 
consequences for this country. Thank you, sir. 

[The prepared statement of Hon. Joe Barton follows:] 

Prepared Statement of the Hon. Joe Barton, Chairman, Committee on Energy 

AND Commerce 

Thank you. Chairman Whitfield. Today’s hearing on the hoekey stiek temperature 
studies will show why we need to question the quality of elimate assessments for poliey 
makers. 

This Committee frequently eonfronts some of our Nation’s most eonsequential 
publie poliey questions affeeting the quality of human health, our eeonomy, and our 
environment. However, no issue we deal with has more potential to affeet the Ameriean 
people than elimate ehange. 

Meanwhile, the eompounding eosts to the U.S. eeonomy posed by some proposals 
for redueing greenhouse gas emissions eould roek our eeonomy, drive manufaeturing off- 
shore, and spike domestie eonsumer energy eosts. 

That is why we need to be sure that we have a solid faetual basis for whatever 
deeisions we make in this area. 

The report we are about to reeeive indieates that the soeial and statistieal 
underpinnings of key elimate-ehange work are prone to produee error. 

I look forward to hearing from all of our witnesses beeause we have important work 
to aeeomplish today. I would espeeially like to thank Dr. Edward Wegman who, on his 
own time and his own expense, assembled a pro bono eommittee of statistieians to 
provide us with independent and expert guidanee eoneeming the hoekey stiek studies and 
the proeess for vetting this work. 

Dr. Wegman and his eommittee have done a great publie serviee. Their report, with 
elear writing and measured tone, has identified signifieant issues eoneeming the 
reliability of some of the elimate ehange work that is transmitted to polieymakers and 
eharaeterized as well semtinized. The Wegman Committee report will be the eenterpieee 
of today’s hearing. 

These ‘hoekey stiek’ studies were the linehpin for what beeame widely aeelaimed as 
the consensus view of the earth’s temperature history during the past thousand years. It 
was presented as part of the leading elimate assessment for publie poliey makers around 
the world - the United Nation’s Intergovernmental Panel on Climate Change, or IPCC. 

Both good seienee and good publie polieymaking demand that seientifie work 
withstand independent and impartial semtiny. Information that is not seientifieally sound 
is just not aeeeptable. Indeed, it appears that some of the authors of the IPCC assessment 
dealing with global temperature history were not independent or impartial. They also 
happened to be the authors of the hoekey stiek studies, themselves. The researehers then 
deelined to provide the information neeessary to replieate their work, a fundamental 
failure in reliable seienee. 

The “hoekey stiek” studies were supported by Federal grants and were eentral to a 
prominent finding in an influential assessment. In my view, if Congress is going to make 
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policy decisions based on the authority of climate change assessments, we cannot fail to 
wonder how they have been formulated. Asking questions is at the core of what we do. 

Our central question is: Can we count on hockey stick studies? That answer from 
Dr. Wegman and his panel appears to be, “No.” And it doesn’t appear to be a matter of 
overlooking the researchers’ written caveats about their particular work; rather, the 
Wegman panel has identified a fundamental error of methodology. If that finding holds 
up, it will highlight a mistake that lay dormant for years as a closed network of 
supportive colleagues saw and heard what it wanted. It took scientists outside the network 
to identify the core problems, both in the studies and in the IPCC assessment. 

Congress is in the business of making policy decisions that affect the lives of real 
people. Science provides us with the answers to many policy questions, and we need to 
trust it. I do trust science, and I trust it most when it is transparent, open to question, and 
eager to explain. When research is secretive, automatically and aggressively defensive, 
and self-reinforcing, it becomes easy to distrust. 

As Chairman of the Energy and Commerce Committee, which holds a key role in 
any policy making relating to climate change, I believe it is incumbent on this Committee 
must ensure that the very best information is available to make its decisions. 

Caveats and uncertainty are facts of life, and not only in science. We deal with 
complicated science and research-based decisions and uncertainty in every area of our 
jurisdiction. Some of the most troubling work we confront - on bioterror or radiological 
risks for example - present very tough and complicated issues for us to assess. 

Good science is built on healthy skepticism, and good scientists don’t hide from 
questions. They invite them. Asking questions to establish the validity of scientific 
studies - especially those with enormous policy implications - is why we are here today. 
The caveats and uncertainty are never going to be eliminated, but we would like to know 
whether the facts or caveats contained in these sophisticated climate assessments have 
been adequately and independently scrutinized. 

Heads-I-win, tails-you-lose science can produce any answer that is desired, but 
that’s hardly the way to make multi-billion-dollar decisions. This is a vitally important 
matter. When we deal with global warming, we need to know that the underlying studies 
constitute reliable science. The taxpayers depend on it. My grandchildren depend on it. 
The planet depends on it. 

I want to extend my thanks to all the witnesses for appearing today, and I look 
forward to their testimony. 

Mr. Whitfield. Thank you, Mr. Chairman. At this time I 
recognize Mr. Inslee of Washington. 

Mr. Inslee. Thank you, Mr. Chairman. 

America is fully capable of dealing with global warming but not if 
Congress engages in snipe hunts, arguments about how many 
statisticians can dance on the head of a pin rather than figuring out what 
our energy policy should be to get a handle on global warming. 

Now, why are we in this exercise for doubt? I refer you to the first 
slide I have, which is a memo from the tobacco industry when they were 
fighting the clear, unalloyed science that tobacco was bad for you. Here 
is a memo from one of their people: “Doubt is our product.” And those 
who decide that America should stay quiescent, do nothing about global 
warming, doubt is their product. 
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Why should we deal with this? What we are going to find out today, 
I hope, we can spend weeks debating the statistics behind one particular 
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study but what we will find is that every single study ever that has looked 
at proxy data for temperature has indicated we are in a unique 
circumstance and carbon dioxide is going through the roof which you 
will see from these studies, multiple of which are on this slide. Next 
slide. 
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What we find now is that CO 2 is going through the roof No one in 
this room will say otherwise. The first bottom circle is where we are 
today. It is higher CO 2 levels than any time in the last 160,000 years. 
Every single scientist in the world agrees to that fact, and by 2100 the 
circle on top, it will be almost twice as it has ever been in the last 
200,000 years. Every single scientist in the world agrees to that fact, and 
because CO 2 drives climate, because it drives temperature, we ought to 
get out of this posture of the ostrich and assume the posture of the eagle 
to do something about global warming. Next slide, please. 
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Increased C02/Decreased pH: Effect on Corals 
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I want to point out something that is very important in today’s 
discussion. We can spend years debating what the temperature was on 
July 18, 972, but what we ought to know is that our putting CO 2 into the 
atmosphere is destroying the world’s oceans regardless of the 
temperature. The new science shows that the CO 2 that we put in the 
atmosphere is acidifying the oceans. The oceans have 23 percent more 
hydrogen ions that create acidic conditions than any time ever that we 
know of in human history, at least. Next slide, please. 
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Aragonite Saturation Levels in 1765 
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The result of that is that when the oceans become more acidic, it 
becomes much more difficult for any life including plankton, coral reefs, 
clams, oysters, you name it to form shells including plankton, which is 
the basis of the entire food chain of all the protein we get out of the 
oceans. Next slide, please. 
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Aragonite Saturation Levels in 1994 
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What this shows is the pH level of acidity is changing, 
please. 
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So that by the year 2099, conditions in the ocean may not support 
any coral reefs healthy anywhere in the world. This doesn’t have 
anything to do with Dr. Mann’s report. Even if temperatures did not 
change one-half a degree, the oceans are becoming acidic that may not 
support the protein that we depend on in the world if we don’t act and if 
this committee continues to act like an ostrich. Next slide, please. 



Why are Americans rejecting this doubt they see with their own 
eyes? Polar icecaps shrunk in density— next slide, please— in the last 12 
years. 
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Greenland is melting at unprecedented rates. Next slide, please. 
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The polar icecap has shrunk 20 percent in the summer. The red line 
shows where it used to be. The white is where it is now. Next slide, 
please. We have run out of slides. Well, maybe I ought to talk then. 

This is very disturbing to me that when the entire world scientific 
community has reached a conclusion with high levels of certainty that 
carbon dioxide is going to astrospheric levels, unprecedented in world 
history, and that when we know beyond a shadow of a doubt the levels of 
carbon dioxide ultimately will drive temperature changes to areas we do 
not want to see, that instead of really engaging Congressional talent in 
figuring out how to deal with this problem, we try to poke little pinholes 
in one particular statistical conclusion of one particular study where the 
overwhelming evidence is that we have to act to deal with this global 
challenge. 

It is not fitting for this Congress, America that should lead the 
technology that drives the energy future of the world, to sit here to ask 
these fine statisticians to go into mind-numbing detail about whether this 
particular year was hotter than it was in 980. I don’t care whether this 
year or yesterday was the hottest day. It was pretty hot here yesterday, 
but I don’t care whether it may have been hotter in 980. What I care 
about is whether there will be snow in the mountains for my kids and 
grandkids to ski on 50 years from now, and there is not going to be 
unless this Congress pulls its head out of the sand and acts. 

So I look forward to the day that we have a Congress that will adopt 
the position that we need to deal with technology rather than statistical 
recreations of the tobacco industry’s effort to create doubt. Thank you. 
Mr. Whitfield. Mr. Bass. 

Mr. Bass. Thank you, Mr. Chairman, and thank you for holding 
this hearing. 

I want to start by saying that in my opinion, there is absolutely 
nothing inappropriate about the subject of this hearing, and although the 
data may be mind-numbing, nonetheless there are those— I am probably 
not one of them— who really get into going through the data and the 
details and so forth to try to figure out what the problem is. Ultimately, 
the issue underlying the hearing today and any others that we have is not 
going to be about math, it is going to be about the effect of the extraction 
of enormous quantities of hydrocarbons from the middle of the Earth and 
from underground and the combustion of those hydrocarbons and the 
resultant impact that that has, if any, on the climate of the world. 

Now, in another life when I used to sell architectural panel products 
for buildings, I was often asked by a customer whether or not the panel 
that I was trying to sell passed the ASTM, American Society for Testing 
Materials, E84 test, and I always used to respond because, of course, we 
couldn’t afford to have that test conducted, I used to say well, it hasn’t 
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but I subjected it to what I called the elephant foot test and I built— every 
fall I burned a huge pile of brush in my field on the farm I live on and 
one year I just took one of the panels that I planned to sell and I threw it 
on top of the pile and it sat there for 30 minutes and nothing happened. 
Is that satisfactory? Well, we can spend I think a productive period of 
time talking about the basis upon which the data was developed to 
determine the Mann report or the Wegman report or Dr. North’s report 
and so forth, but ultimately I think we need to recognize that there is a 
problem and anyone who denies the existence of any problem associated 
with the release of these hydrocarbons I think really needs— I want to be 
friendly about this— really needs to rethink that premise. There is 
something going on and I think finding out what that something is and 
then trying to debate a policy whereby we address that issue is 
constructive. 

So I want to thank my friend from Kentucky for holding this hearing 
and I look forward to hearing the witnesses’ testimony, and I yield back. 

Mr. Whitfield. Thank you, Mr. Bass. At this time I recognize Mr. 
Waxman of California. 

Mr. Waxman. Thank you very much, Mr. Chairman. 

The party that is in the majority selects the Chairman of the 
committees and the subcommittees and they can decide what priorities 
ought to be given to different issues and what hearings are to be called. 
Now, in the past 12 years, we have had study after study after study 
raising genuine concern about global warming and climate change. The 
Energy and Commerce Committee is a committee that has legislative 
jurisdiction over this issue. So for the past 12 years this committee has a 
very amazing record on this issue. This is only the second hearing in 12 
years. The first one was to look at the very intricate issue of modeling on 
predictions of climate change and this one is to look at studies from 1998 
and 1999 to see whether those studies are refuted by the work of the two 
gentlemen before us today. We have not held a hearing looking at what 
is the overwhelming scientific consensus that global warming is real and 
is caused by humans. We have not focused on some of the important 
recent scientific news on global warming such as a study showing that 
climate change is causing increased wildfires in the American West or 
the recent studies that show that global warming is leading to more 
intense hurricanes. 

The committee could go a step further by examining the practical 
solutions that could begin to reduce our greenhouse gas emissions, and if 
the committee leadership wanted to conduct important and nonpartisan 
oversight, it could investigate why a former employee of ExxonMobil 
operated out of the Bush White House to sow doubt in government 
publications on global warming. Instead, this committee is doing what 
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the deniers of global warming would have us do, ignore all the important 
questions and divert ourselves to a ridiculous effort to discredit a climate 
scientist and two studies he published eight years ago. 

Chairman Barton began this dubious investigation in June of 2005 
when he sent a letter demanding the funding for every study that had 
ever been conducted by Dr. Michael Mann, demanding he turn over all 
of the data for all their research and made over burdensome and intrusive 
requests. The Washington Post accused our Chairman of conducting a 
witch hunt. The Chairman of the Science Committee, Sherwood 
Boehlert, called the investigation “misguided” and “illegitimate.” Well, 
oftentimes when we have scientific disputes we ask the National 
Academy of Sciences to review the matter. Instead of asking them— even 
though they offered their services to help resolve controversy— the 
Academy wasn’t called on by this committee but by Representative 
Boehlert’ s committee and the Academy issued its report last month and 
they found that they largely upheld the findings of Dr. Mann. 

So I have to submit that I don’t find this hearing to be one about 
truth. It is about sowing doubt and spreading disinformation, and I 
chaired all those committees over the years where I heard from tobacco 
executives who always insisted on having their scientists come in and 
say it is only coincidental that more cancers and other diseases seem to 
afflict smokers but there is no causal relationship. Not only is this 
hearing not legit in trying to deal with an important issue, it isn’t even 
fair. We are going to hear people attacking Dr. Mann but we are not 
going to have Dr. Mann here to confront the accusations against him. 
That is not science where you hear only one side. Science is hearing 
both sides, looking at the evidence, reaching conclusions based on the 
evidence. Dr. Mann was willing to testify before the committee but his 
schedule would not be accommodated. Global warming is an incredibly 
serious problem and this is not a serious hearing. 

I would submit that if you have doubts, fine, but prudent people 
would start doing something in case your doubts on the Republican side 
of the aisle are wrong. We would start taking measures to reduce these 
greenhouse gas emissions that seem to be causing enormous damage to 
our planet and a threat to human life. Instead, we are looking at reports 
from 8 years ago and trying to debunk them. That is not an indication to 
me, that and the 12 years of inaction by this committee, that there is any 
interest on behalf of the Republican leadership to come to terms with 
what is not a partisan issue at all but one that is a very important issue for 
us to address. 

[The prepared statement of Hon. Henry Waxman follows:] 
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The Prepared Statement of the Hon. Henry Waxman, a Representative in 
Congress from the State of California 

Today, the Subcommittee holds only the second hearing on global warming in the 
Energy and Commerce Committee since the Republicans took over the House of 
Representatives in 1995. With so many important aspects to global warming and twelve 
years of virtual inaction, there's a lot of important work for the Committee to do. 

It could start by highlighting the overwhelming scientific consensus that global 
warming is real and is caused by humans. Or it could focus on some of the important 
recent scientific news on global warming, such as the study showing that climate change 
is causing increased wildfires in the American West or the recent studies that show that 
global warming is leading to more intense hurricanes. 

The Committee could go a step further by examining the practical solutions that can 
begin to reduce our green house gas emissions. And if it wanted to conduct important 
and non-partisan oversight, it could investigate why a former employee of ExxonMobil 
operated out of the Bush White House to sow doubt in government publications on global 
warming. 

Instead, the Committee is doing exactly what the big oil companies hope for it to 
do... it ignores the important questions and diverts to a ridiculous effort to discredit a 
climate scientist and a study he published eight years ago. 

Chairman Barton began this dubious investigation when he wrote Dr. Michael Ma nn 
and several other researchers in June 2005. He demanded to know the source of funding 
for every study they had ever conducted, demanded they turnover all of the data for all of 
their research, and made other burdensome and intrusive requests. 

The Washington Post accused Chairman Barton of conducting a witch hunt. The 
Chairman of the House Science Committee Sherwood Boehlert called the investigation 
“misguided” and “illegitimate.” And the nation’s premiere science organizations quickly 
condemned the investigation. The American Association for the Advancement of 
Science wrote to Chairman Barton stating that his letters “give the impression of a search 
for some basis on which to discredit these particular scientists and findings, rather than a 
search for understanding.” 

The National Academy of Sciences also weighed in, stating that Chairman Barton’s 
approach was “intimidating” to researchers and offering the services of the Academy to 
help resolve the controversy. 

Ironically, it wasn’t Chairman Barton who took the Academy up on its offer. 
Instead, Rep. Boehlert requested the Academy report that was released last month. The 
Academy largely upheld the findings of Dr. Mann. 

This hearing isn’t about finding the truth. It’s about sowing doubt and spreading 
disinformation. The closest parallel is the decades-long campaign of the tobacco industry 
to deny that nicotine is addictive and cigarettes cause cancer. 

And the hearing isn’t even fair. Today we’re going to attack the work of Dr. Mann, 
but we’re not going to give Dr. Mann a chance to confront the accusations against him. 
Dr. Mann was willing to testify before the Committee, but his schedule was not 
accommodated and so he is going to be tried in absentia. 

Global warming is an incredibly serious problem, but this is not a serious hearing. 
It’s a diversion and a delaying tactic. And - worst of all - it is a missed opportunity to 
begin the process of protecting our children from the catastrophic effects of global 
warming. 

I know that the Chairman of this Subcommittee has never accepted the science about 
global warming. To bolster his argument over the years, he has repeatedly brought to the 
attention of the Committee, the views of Gregg Easterbrook and his book, “A Moment on 
the Earth.” 
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So, I just want to make sure that the Chairman is aware of Mr. Easterbrook’s op-ed 
from May 26, 2006, in whieh Mr. Easterbrook announees that he has ehanged from “a 
skeptie to a eonvert.” He says that it is “ease elosed,” and that a strong seientifie 
eonsensus shows that global warming “is a real phenomenon posing real danger.” 

I am glad that Mr. Easterbrook has revisited his views and eorreeted them 
aeeordingly. I hope the Chairman is willing to do the same. 

Mr. Whitfieed. Dr. Burgess, you are recognized. 

Mr. Burgess. Thank you, Mr. Chairman, for the recognition. I 
thank the Ranking Member for pointing out that partisanship has no 
place in this debate and I hope we won’t see it again this morning. 

I will point out just for the record that Dr. Mann has been invited to 
appear before this committee before this hearing this morning. He 
couldn’t be here. Apparently he is on vacation that couldn’t be 
interrupted and maybe he can be here next week, and if he can be here 
next week, we will certainly be grateful to hear from him, but fortunately 
we do have his number one colleague. Dr. Crowley, on our second panel 
and I am grateful for that as I am sure the Minority is as well. 

Again, I thank the Chairman for the recognition and I want to thank 
all of our witnesses for taking their valuable time to be with us here 
today. I know there are many other productive activities you could have 
been doing. And we have already heard from our friends on the other 
side of the room that there does indeed currently exist an international 
consensus that global warming exists and that human beings have caused 
it. They didn’t say so but I would further extrapolate that it is Americans 
that have caused it and it is probably one American in particular and he 
lives in the White House. But I think it is fair to point out that no such 
consensus exists. 

The Earth has been heating and cooling for millions of years. There 
have been big ice ages, little ice ages and it is fair to say that in between 
those two cooling events it probably even got a little warm. The Earth’s 
climate is cyclical and we have only been paying attention during the 
past few hundred years. With the cyclical nature of the Earth’s climate, 
it is plausible to say that the Earth’s temperatures would be on the rise 
today regardless of what humans did or didn’t do. Thirty-five years ago, 
I was a freshman in a geology class and we learned how the Earth itself 
was spun off as a hot ball of gases and gradually cooled and it was 
postulated that the Earth had been cooling ever since and indeed perhaps 
Armageddon would come one day not as a fire or as a flood but as we 
cooled into that last ice age. Now we have global warming staring us in 
the face. 

I am not saying we should completely dismiss fears of global 
warming as an inaccurate science. I think that it merits thoughtful and 
serious debate and we owe the subject matter thoughtful and serious 
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debate. Part of my problem with the whole process is, that it seems that 
the cleaner we make our energy generation capability, and indeed we 
have cleaned our energy generation capability over the years, and the 
Ranking Member can take considerable credit for that with legislation 
that he has passed, but now we want to come up against an obstacle that 
nothing can come out of those pipes, we have already taken out the 
VOX, the NOX, the SOX, the POX, the TOX. Now it is the carbon 
dioxide and water that are coming out of those smokestacks that has to 
be stopped, and it is interesting that later today— we have a mechanism to 
stop the carbon dioxide from coming out of those stacks and later today 
we are having a hearing in the Energy and Air Quality Subcommittee of 
this same Energy and Commerce Committee on the Yucca Mountain 
nuclear waste repository. One of the reasons why Yucca Mountain is so 
important is because of the increasing importance of nuclear power in 
our national fuel mix as an emissions-free, carbon-free-emissions source 
of power. 

In fact, I would submit that along with the passage of the Clean Air 
Act in the past few decades, perhaps one of the greatest missed 
opportunities— if the Clean Air Act was an enacted opportunity, one of 
the great missed opportunities was abandonment of nuclear power in the 
late 1970s and allowing other countries to get ahead of us in that regard 
so now that our dependence on foreign oil— and we knew in the 1974 
embargo that dependence on foreign oil was not a good foreign policy 
strategy and yet for whatever reason we have lagged with development 
of nuclear fuel, so I am grateful we are having that hearing later on 
today. 

It is false to presume that a consensus exists today or that human 
activity has been proven to cause global warming, and that is the crux of 
this hearing. What we are here today to discuss is the broader issue of 
the use of sound statistical analysis and the peer review process through 
the lens of the hockey stick temperature studies, but the focus of our 
hearing today is to examine the statistical analysis and methodology used 
when evaluating the influential report on global warming written by Dr. 
Mann. As the U.S. Congress and even the international policymaking 
bodies look to the scientific community to provide information and 
analysis, it is especially important to make certain that the processes are 
in place to ensure that we are using sound and unbiased science that has 
undergone rigorous peer review process. 

I would point out that simply turning off the electrical generation 
plants that provide the air conditioning back in my district would not be a 
viable option. I would submit that the good people of California got 
upset when some people in Texas turned off their electrical generation 
plants a few years ago. I don’t see that as a viable option. Should we 
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move to other methods? Perhaps, but we need to do so in a sound and 
scientific manner. 

With that, Mr. Chairman, I will yield back. 

Mr. Whitfield. At this time I recognize Ms. Baldwin of— okay, 
Ms. Schakowsky. 

Mr. Stupak. Mr. Chairman, before we do that, if I may, I would 
like to put into the record a letter from Georgetown University Law 
Center Institute for Public Representation explaining why Dr. Mann 
cannot be here on such short notice from the committee and other dates 
he was available to testify. I would like to put that in the record, a 
follow-up of the statements that he is on vacation, which is not true. 

Mr. Whitfield. We would be happy to do so unless— 

Mr. Stupak. Thank you. 

Mr. Whitfield, —there is objection. Is there objection to this going 
in? Thank you. 

Mr. Stupak. This letter of July 19 was provided actually by fax to 
Mr. Spencer and Mr. Paoletta. 

[The information follows:] 
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Georgetown University Law Center 
Institute For Public Representa tion 


David C. Vladeck 
Director 


600 New Jersey Avenue. NW, Suite 3 1 2 
WashingtOTi, DC 20001-2075 
Telephone: 202-662-9535 
TDD; 202-662-9538 
Fax; 202-662-9634 


July 13, 2006 


By Telecopier (202/'225-1919) and US Mail 

Peter Spence 
Mark Paoietta 

House Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington, DC 20515 

Dear Peter and Mark: 

I am writing because I did not hear back from you yesterday afternoon about the 
committee’s scheduling of a hearing on climate control issues for next week. Peter had 
contacted me on Friday, July 9, 2006, to extend an invitation to my client, Michael E. Mann, 
Ph.D., to appear before a committee hearing on July 19. On Tuesday, July 1 1, 1 informed Peter 
that Dr. Mann would be unable to attend a hearing on July 19 because of prior commitments. I 
also informed Peter that Dr. Mann had identified two climate control scientists who would be 
willing to appear instead of Dr. Mann and that both scientists would be able to fully respond to 
any questions members of the committee may have. Peter asked me to check whether Dr. Mann 
would be available later in the month. I did so. Early yesterday afternoon, during a conference 
call, I informed you that Dr. Mann would be available on certain dates in July and August. Mark 
said that the committee would consider moving the hearing date and that I would be told by the 
close of business yesterday whether the hearing would, in fact, be moved. I have heard nothing 
since. 


I realize that the scheduling of a hearing is a complicated process and that perhaps you’ve 
been unable to finalize a hearing date. 1 do, however, want to make two points clear in the 
interim. First, as noted, prior commitments will make it impossible for Dr. Mann to attend the 
hearing if it is held on July 19. Second, if the hearing goes forward on the 19th, he would urge 
the committee to hear from other climate control scientists who are fully familiar with his work 
and who would be fully able to respond to any question that the committee or its staff might have 
concerning his work. The two scientists are both well known in their field: Dr. Thomas 
Crowley of Duke University and Dr. Caspar M. Ammann of the National Center for 
Atmospheric Research. Dr. Mann has communicated with Dr. Crowley and Dr. Ammann and 
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both would be available to appear before the Committee on July 19. Their contact information 
is set forth in the margin to this letter.* 

As we’ve made clear in the past, Dr. Mann stands ready to assist the committee in its 
important work. 


Sincerely, 

Is/ 

David C. Vladeck 
Attorney for Dr. Mann 


* Dr. Thomas J. Crowley 

Nicholas Professor of Earth Systems Science 

Duke University 

313 Old Chemistry 

Box 90227 

Durham, NC 27708 

(919) 681-8228 


Dr. Caspsar M. Ammann 

National Center for Atmospheric Research 

Climate and Global Dynamics Division 

1 850 Table Mesa Drive 

Boulder, CO 80307-3000 

(303) 497-1705 


Mr. Whitfield. Ms. Schakowsky. 

Ms. Schakowsky. Thank you, Mr. Chairman. 

I am glad that we are holding a hearing on global climate change 
although I am disappointed in the actual substance of this, and I have a 
statement for the record that is prepared but I would like to just say a 
couple of things extemporaneously about this issue which I care so much 
about. 

I guess I would ask about this particular hearing in some ways is, 
what is the point? I think that there are certain agreements that all of the 
scientific community would adhere to, and one is that climate change. 
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the question being how much does human activity contribute to that, but 
the climate change is definitely happening, that the Earth is warming 
right now and there is a large and robust body of science that documents 
that, that even in the Middle Ages it could have been as warm as now 
although that is not clear at all, that the temperature is going up and that 
climate change impacts are being observed now and are projected to be 
of enormous consequence, enormous consequence. If the snow in the 
Himalayas melts, which provides water for I think close to a billion 
people, this is of great concern. 

As a grandmother, I am concerned that my grandchildren may never 
see or know about a polar bear in the wild and that the coral reefs are 
disappearing. The fact that we are seeing stronger hurricanes and 
tornadoes and that there is drought and flood and hunger and 
displacement as a consequence, these are things that we know about, and 
so the question is, even if human activity is not the principal cause of 
global warming, which most scientists do believe that is the case, but 
even if it weren’t but we are simply contributing to it, why wouldn’t we 
be focusing on now how human activity could reduce the impact of 
global warming, how we could help to stem the tide of these devastating 
consequences that will hurt all of humanity. Why wouldn’t we be 
focusing on that instead of trying to discredit a report that is only one 
piece of the evidence that establishes that we are in the midst of a 
tremendous change that is going to impact the possibility of life as we 
know it on this planet. 

We don’t have to be talking about the kinds of devastating changes 
in lifestyle that Americans won’t accept. Instead, because of our 
ingenuity, always being on the cutting edge of technology and change, 
we can manage the changes that are needed in order to sustain life on this 
planet. It just makes no sense to me— I mean, we will talk about it and 
we will get into it how the Mann statistics that are going to be discredited 
actually weren’t used in his final report and we can go into all the details 
back and forth about the scientific evidence but it seems to me that this is 
a waste of time, that what we ought to be talking about is how are we 
going to confront what everyone knows is a real problem, and if human 
activity can be changed in some way to ameliorate that problem, for the 
life of me I can’t understand why all of us together in a bipartisan way 
wouldn’t want to do that. 

I have a young person in my district who really is absolutely 
obsessed with the issue of global warming. He is a junior high school 
student. His mother is worried about him because he worries about it so 
much. To me, the answer isn’t explaining to him oh, be happy, don’t 
worry, this isn’t really an issue, there is nothing you can do about it. The 
answer is, we need to tell young people, the next generation, my 
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grandchildren, that there are things that we can do today, and so I plead 
with my colleagues on both sides of the aisle, let us get down to 
solutions, not discrediting one tiny piece of the mass of evidence that 
says that we are in trouble right now and that literally billions of people, 
all the people are on our plant, will suffer if we don’t get down to the 
business of finding a solution, so I thank you, Mr. Chairman, for the 
time. 

Mr. Whitfield. Thank you. Mr. Stearns, you are recognized for 5 
minutes. 

Mr. Stearns. Thank you, Mr. Chairman. I think Mr. Stupak put in 
the letter of July 14 from Mr. Mann’s lawyer. I would like unanimous 
consent to put in the letter of July 13 that preceded that, which if without 
objection I would like that— 

Mr. Stupak. Well, I guess I will have to object until we see it. Can 
we at least see it? 

Mr. Stearns. Oh, sure, sure. Yes. You put a letter that came after 
the first letter and I thought it would be appropriate if we include that 
letter too since that is a day earlier in which he said he could not make 
our committee and for whatever reason he couldn’t make it and in fact he 
suggested that if we do have this hearing, that we should have Dr. 
Thomas J. Crowley, and indeed we took his advice and we got Dr. 
Crowley. He is going to be on the second panel, so we took Dr. Mann’s 
advice, we got the people he wanted, and I am sure, Mr. Chairman, other 
people had to cut their vacation short to be here, perhaps even Dr. North 
did. This is a time when a lot of us are taking vacations, not necessarily 
Members of Congress who are into a campaign mode but the rest of you 
perhaps are doing that, and I can understand that, but the letter Mr. 
Stupak put in said that he would not even show up on the 27^^. The letter 
I am putting in says he won’t show up today. Unfortunately, his lawyer 
from the Georgetown University Law Center keeps talking about July— I 
think in his letter— I don’t have it in front of me but he has a 
typographical error in both letters in which he cites Friday, July 9. In all 
calendars, July 9 is not a Friday. 

Mr. Whitfield. They are not objecting to the letter. 

[The information follows:] 
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TAB 13 



Georgetown University La w Center 

Institute For Public Representa tion 


David C. Vladeck 
Director 


600 New Jersey Avenue, NW, Suite 312 
Washington, DC 20001-2075 
Telephone; 202-662-9535 
TDD: 202-662-9538 
Fax: 202-662-9634 


July 14, 2006 


By Telecopier (202/225-1919) and US Mail 

Peter Spence 
Mark Paoletta 

House Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington, DC 20515 

Dear Peter and Mark: 

I am writing to respond to your proposal, made for the first time yesterday, that the 
committee proceed with its hearing on climate change in two phases: first, holding a full-scale 
hearing on July 19* to hear testimony critical of the work of Dr. Michael E. Mann and his 
colleagues, even though you knew, prior to finalizing the hearing schedule, that Dr. Mann is 
unavailable on July 19*; and second, holding a follow-up hearing on July 27* with just Dr. 

Mann and Ed Wegman as witnesses. Having read today’s editorial in the Wall Street Journal^ I 
find this proposal unacceptable for two reasons. 

First, I am concerned that this proposal is grossly unfair to Dr. Mann. As Dr. Mann has 
made clear throughout, he is willing to appear before the committee and participate in a full and 
fair hearing. Unfortunately, the committee did not contact Dr. Mann until late in the afternoon of 
Friday, July 9*. While Dr. Mann is unavailable to testify next week, he provided several 
alternative dates in July and August on which he is available. He also suggested two scientists 
who could testify on his behalf if the committee chose to proceed on July 19*. It is now clear, 
however, that the hearing on July 19* is not focused solely on understanding the science of 
climate change generally, or even the field of paleo-reconstruction specifically, but is instead 
designed to receive testimony critical of the work of Dr. Mann and his colleagues. This concern 
is heightened by the editorial in today’s Wall Street Journal which provides a detailed account 
of Wegman’ s report. In light of this revelation, it is mystifying that the committee gave Dr. 

Mann so little notice of the hearing and decided to schedule the hearing for a date it knew he was 
unable to testify, and then propose a second hearing to question Dr. Mann about issues addressed 
at the first hearing. 
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This is just not the way we do things in the United States. It is a bedrock principle of 
American jurisprudence, enshrined in the Sixth Amendment and elsewhere, that the right to 
confront one’s critics — at the time the criticism is made — is fundamental. The Wall Street 
Journal editorial makes it evident that Ed Wegman and others believe that the work of Dr. Mann 
and his colleagues is flawed. To be sure, they are entitled to their views. But because Dr. Mann 
is unavailable on July 19*, he will not be able to confront directly witnesses who will come 
before the committee to criticize his work. Being required to respond at a later date to 
accusations or claims he did not hear is simply unreasonable. 

These concerns are heightened by today’s Wall Street Journal editorial, which raises 
questions about the goals of the hearing. Although the committee has suggested that it intends to 
hold this hearing to delve more deeply into the scientific questions surrounding the “Hockey 
Stick” temperature studies, it is now apparent from the Wall Street Journal editorial that the 
questions Wegman raises are not strictly ones of science. Wegman’s study was not peer 
reviewed, it was not prepared by academics who are experts in climate studies, and, it does not 
even appear to acknowledge the recent report by the National Academy of Sciences/National 
Research Council which examined the findings of Dr. Mann and others. This omission is 
striking since the NAS/NRC report was prepared at Congress’ direction. Wegman argues that 
there are statistical flaws that undermine the conclusions drawn by Dr. Mann and his colleagues. 
But the National Academy had two expert statisticians on its panel. Dr. Peter Bloomfield, 
Professor, North Carolina State University, and Dr. Douglas Nychka, Senior Scientist, National 
Center for Atmospheric Research, and the NAS/NRC report rejected precisely those claims. 
Unlike Wegman who has no expertise in climate studies. Dr. Bloomfield and Dr. Nychka have 
worked for decades as statisticians engaged in climate studies. To compound the problem, 
Wegman’s paper appears to simply rehash the already discredited criticism of the work of Dr. 
Mann and his colleagues by Steve Mclntiy^e and Ross McKitrick. The NAS/NRC report 
exhaustively reviews those criticisms and finds that they lack merit. 

Please let me know if you have questions or would like to discuss this matter further. 


Sincerely, 

Is/ 

David C. Vladeck 

Attorney for Dr. Michael E. Mann 


Mr. Stearns. Okay. Good. All right. Well, I was just talking to 
make sure Mr. Stupak had plenty of time to read it so that I could go 
forward. 

You know, I think almost everybody in this room and perhaps 
everybody on this oversight committee would agree that there is global 
warming of some kind. The question is, is it sinusoidal, that is, are we 
looking at warming today in which there was warming like this or similar 
to this in the Middle Ages and have we seen a warming and a cooling 
much like a sinusoidal wave, and so we are trying to look at Dr. Mann’s 
analysis and we are trying to say, is he absolutely right that we have this 
hockey stick effect that is just flat and then suddenly comes up. 

Now, we have Dr. Wegman’s analysis concludes that Dr. Mann’s 
work cannot support the claim that the 1990s were the warmest decade in 
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the millennium. I mean, that is what he is saying. Some people are 
questioning Dr. Mann, his quantitative analysis, and that is fine. He 
could be right, he could be wrong. Now, Dr. North, in looking through 
his testimony which he is going to give, he sort of confirms what I think 
is possible, that this warming and cooling is a sinusoidal wave and that in 
fact, let me just read what Dr. North says in his testimony. He says that 
it is plausible that the Northern Hemisphere was warmer during the last 
few decades of the 20^^ Century than during any comparable period over 
the preceding millennium. That is what he says. However, the 
substantial uncertainties currently present in the quantitative assessment, 
same thing that Dr. Wegman says, of large-scale surface temperature 
changes prior to about 1600 A.D. lower our confidence in this conclusion 
compared to the high level of confidence we place in the Little Ice Age 
cooling and 20^^ Century warming. So we have two distinguished 
individuals who are professionals in their fields indicating that it is not 
absolutely true that Dr. Mann is correct in his analysis and Dr. North 
went on to say even less confidence can be placed in the original 
conclusions by Dr. Mann. 

So, I mean, for anybody on the other side to say this not a legitimate 
hearing is incorrect. We have taken people that Dr. Mann wanted and 
we put them on here as witnesses. We have asked Dr. Mann to come to 
this hearing. We have asked him to come to the 27^^. He won’t come. 
He has hired a lawyer to spar with our people to say why he won’t come. 
By golly, if he really is interested in solving this problem, I would cut my 
vacation short and whatever he is doing to say I will be here because I 
think in the interest of science, I would like to have an open hearing and 
talk about it. So I think, one, it is a legitimate hearing. Two, we have 
offered Dr. Mann two opportunities and yet his lawyer has indicated he 
won’t show up. So this is a very important issue but I think overall, all 
of us here are trying to understand this and we would agree that there is 
probably global warming. What we want to know is, is this sinusoidal or 
is this something that is aberrational. 

Let me conclude by saying that yes, we should have further inquiries 
into this matter. Perhaps as a result of this hearing we will. Temperature 
studies and the effect of climate change, all these are very important to 
our very existence. So Mr. Chairman, I commend what you are doing 
and I commend the other side too to keep an open mind here and to hear 
Dr. Wegman and to hear Dr. North and to read their opening statements 
where you will see they have less confidence and they certainly have as 
much credibility on this matter as Dr. Mann, and I am just so sorry, so 
sorry that Dr. Mann is not showing up today, he is not showing up on the 
27^^, and at this point I am not clear, Mr. Chairman, when you will get 
him. Thank you. 
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Mr. Whitfield. Ms. Baldwin, you are recognized for 5 minutes. 

Mr. Stupak. Mr. Chairman, may I ask unanimous consent that the 
letter that we received from Dr. Mann’s lawyer indicating he would like 
to come at the same time these witnesses are here be entered into the 
record. 

Mr. Whitfield. It has been. 

Mr. Stupak. Oh, it has been? Oh, okay. Thank you. 

Mr. Whitfield. We have had two letters introduced into the record 
from his lawyer, both. 

Ms. Baldwin. Thank you, Mr. Chairman. It doesn’t take much 
more than a quick walk outside today to know that the thermometer has 
reached dangerously high levels and government heat alerts are 
abounding these days but this summer is not unique. Each year summers 
are growing warmer and warmer and so are the winters, falls, and 
springs. Of the 20 hottest years on record, 19 have occurred in the 1980s 
or later. 2005 was one of the hottest years on records and so far 2006 has 
set record levels for its high temperatures. 

Unfortunately, despite overwhelming scientific evidence that our 
planet is warming at dramatic rates, no political consensus for bold 
action has followed and that is the problem. Politicians ignore sound 
science showing evidence that the Earth is warming at an unprecedented 
rate, that carbon dioxide levels are rising, and that human activities are 
largely the cause. But beyond ignoring sound science, they are doing 
other disturbing things. I see political interference in science these days. 
In fact, time after time, sound science has been censored in order to 
maintain a political agenda. Here are just a few examples. 

In 2003, the EPA was ordered by the White House to delete critical 
sections relating to climate change from its report on the environment. 
In 2005, the White House insisted upon weakening language relating to 
the impact of global climate change in a document that served as the 
basis of negotiations during the G8 Summit, and just a few months ago 
the Administration tried to silence a NASA scientist from talking about 
the need to reduce greenhouse gases linked to global warming. I could 
point to many other examples, some on this topic, some outside, but it is 
a disturbing trend indeed. 

With all these examples, it only becomes more clear that false logic 
will not bring us closer to an understanding of the scientific truth. The 
truth is alarming. Sea levels are rising. Glaciers are melting and storms 
are becoming more intense, and the result is the near extinction of 
animals such as polar bears, the compromising of coastal ecosystems, 
and the threatening of human life as heat waves become prevalent and 
disease-carrying insects grow more abundant. 
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Mr. Chairman, I often speak about America’s need to take bold 
action and the importance of us leading the world on environmental 
issues. Now is the time for us to show our commitment for if we do 
nothing, we risk an uncertain and unstable future. So I ask, what are the 
consequences if the cynics and naysayers and keepers of the status quo 
are wrong? We have a moral and an ethical obligation to act and I just 
hope that today we will take some steps in that right direction. 

Thank you, Mr. Chairman. I yield back the balance of my time. 

Mr. Whitfield. Thank you, Ms. Baldwin. At this time I recognize 
Mrs. Blackburn. 

Mrs. Blackburn. Thank you, Mr. Chairman. Thank you for 
holding the hearing. Thank you to the staff for the preparation work they 
have done and to our witnesses appearing before us to comment on the 
matter. We thank you for being here. We are concerned about it. I do 
think it is prudent to address the issue and we are seeking information. 
We thank you for being here to supply some. 

The ability to obtain and analyze the data and the methods that a 
scientist uses to form a theory about the universe is central to science. 
For hundreds of years society has placed the utmost importance on the 
scientific method to validate theories which is predicated on the ability to 
replicate and verify a scientist’s work. If the work cannot be replicated 
and verified by independent experts, then that work’s conclusions 
become more speculation and possibly some will say it should be open to 
classification as outright scientific dishonesty. 

Last year Chairman Barton inquired into the background of some 
recent climate change studies that had been held by scientific portions of 
the scientific community as proof of drastic global warming. Now, I am 
old enough to remember that as a teen in the late 1960s, I sat in science 
classes and in a geology class and I was warned of a returning and 
impending ice age. By the time I reached my current age, the world was 
going to be covered in ice. North America would have a 9-month winter, 
our food supplies would be short, and I would be freezing to death all the 
time. Well, I guess times changed or maybe that old group of scientists 
had some kind of political interference in favor of the new group of 
scientists who now want the Earth to warm up. 

Now, after some independent analysis it seems that all scientists 
could possibly be misled on some of their issues. Both the National 
Academy of Sciences and Dr. Wegman’s committee analyzed the hockey 
stick report by Dr. Mann that has become the poster child for proof of 
global warming. The committees came to the conclusion that Dr. 
Mann’s hockey stick report failed verification tests and did not employ 
proper statistical methods. Also, it appears that Dr. Mann is part of a 
social network or could be part of a social network of climate scientists 
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who almost always use the same data sets and review each other’s works. 
There is a contention that they would dismiss critics who had legitimate 
concerns, rarely used statistical experts for the data they used in their 
reports, and make it very difficult for reviewers to obtain background 
data and analysis. These revelations point to the lack of independent 
peer review and how it is practically impossible to replicate or verify Dr. 
Mann’s work by those not affiliated with the network of scientists, so we 
are looking forward to hearing about that work today. Could it be that 
this particular work violates the principles of the scientific method and 
should be dismissed until it meets the basic qualifications? Could that 
have been some of what happened to the Ice Age return theory of the 
1960s? 

Climate is affected by numerous causes that interact with each other. 
When a scientific paper comes to a conclusion about climate, its results 
must be able to be replicated and shown to have direct causation and not 
merely correlation. If these steps cannot be done, then making 
conclusive statements of how one cause changes the climate is 
unwarranted and not real science. 

Now, there is strong evidence that the Earth has warmed about half a 
degree Fahrenheit from 1900 to 1940 but this is widely attributed to an 
increase in solar activity during those years and there are indications that 
the Earth warmed another half degree Fahrenheit from 1940 until the 
present but that much of this warming occurred in the past 7 years, and if 
you look at the surface record in the satellite data, it is pretty clear and 
possible that this warming is mostly due to the 1998 El Nino, so for the 
past hundred years the Earth has warmed about one degree and you can 
make the cause that it was not caused by human activity but by natural 
events. Possibly that is what happened to the return of that old Ice Age. 

Mr. Chairman, if one looks at the data in an objective manner, I 
believe that one would conclude that the Earth’s climate is not in serious 
danger or not standing at the edge of a precipice. Maybe our focus 
should be first on getting the information. Maybe our focus should not 
be on environmentalism. Maybe the focus should be on common-sense 
conservatism. I would challenge my colleagues on the other side to 
approach this issue to learn the truth about the Earth’s climate, not to 
form an agenda. 

I am looking forward to our witnesses in the hearing today. I yield 
back. 

Mr. Whitfield. Thank you, Mrs. Blackburn. I think that concludes 
the opening statements so we will proceed to the first panel of witnesses, 
and I would say to you. Dr. North and Dr. Wegman, that this committee 
is holding an investigative hearing, and when doing so we do have the 
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practice of taking testimony under oath, and I would ask you, do either of 
you have any objection to testifying under oath? 

Now, Dr. Wegman, accompanying you today is one of the 
statisticians that worked with your three-person panel, and would you 
introduce her? Although it is my understanding she is not going to be 
testifying but she is from Johns Hopkins, I believe. 

Dr. Wegman. That is correct. It is Dr. Yasmin Said. Dr. Said 
actually did a tour at Johns Hopkins but has just won a very prestigious 
National Institutes of Health postdoctoral fellowship and she will be with 
us in George Mason for the next 3 years. 

Mr. Whitfield. And although she is not going to testify, you may 
consult with her. Dr. Wegman, if you and Dr. North would stand up, I 
would like to swear you in. Of course, under the rules of the House and 
the rules of the committee, you are also entitled to legal counsel and I am 
assuming you don’t need legal counsel today, but if you do— 

Dr. Wegman. Hopefully not. 

Mr. Whitfield. If you would raise your right hand. 

[Witnesses sworn.] 

Mr. Whitfield. Thank you, very much. You are now both under 
oath, and Dr. Wegman, you are recognized for your opening statement, 
and I would say to both of you, I know both of you have rather lengthy 
documents that we appreciate your preparing and those will be entered 
into the record in their entirety, and if you all could keep your statements 
to 5 to 7 minutes or so, we would appreciate that. Dr. Wegman, you are 
recognized. 

STATEMENTS OF DR. EDWARD J. WEGMAN, CENTER FOR 
COMPUTATIONAL STATISTICS, GEORGE MASON 
UNIVERSITY; AND DR. GERALD R. NORTH, 
DEPARTMENT OF ATMOSPHERIC SCIENCES, TEXAS 
A&M UNIVERSITY 

Dr. Wegman. Thank you, sir. I would like to begin by 
circumscribing the substance of our report. We were asked to provide 
independent verification by statisticians of the critiques of the statistical 
methodology found in the papers of Drs. Michael Mann, Raymond 
Bradley, and Malcolm Hughes published respectively in Nature in 1998 
and in Geophysical Research Letters in 1999. These two papers have 
commonly been referred to as MBH98 and MBH99. The critiques have 
been made by Stephen McIntyre and Ross McKitrick published in 
Energy and Environment in 2003 and again in Energy and Environment 
and in Geophysical Research Letters in 2005. We refer to these are 
MM02, 05a and 05b, respectively. 
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We were also asked about the implications of our assessment. We 
were not asked to assess the reality of global warming and indeed this is 
not an area of our expertise. We do not assume any position with respect 
to global warming except to note in our report that the instrumented 
record of global average temperature has risen since 1850 according to 
the MBH99 chart by about 1.2 degrees Centigrade, and in the NAS panel 
report chaired by Dr. North, about six-tenths of a degree Centigrade in 
several places in that report. 

Our panel is composed of myself, Edward Wegman at George 
Mason University, David W. Scott at Rice University, and as mentioned, 
Yasmin Said at the Johns Hopkins University. This ad hoc panel has 
worked on a pro bono basis. We have received no compensation, not 
even taxi fare, and no financial interest and we have no financial interest 
in this. 

Can we see slide one, please? In figure 1, we have a document, a 
chart that came out of Dr. Bradley’s book on paleoclimatology, and sort 
of indicates the kind of things that are used as proxy data in 
paleoclimatology. One thing I would like to point out in particular that is 
important I think for understanding this area is the things that are 
indicated— if you look— 

Mr. Whitfield. Dr. Wegman, we need for you to use your mic. I 
know it is going to be difficult but we could not hear you when you 
turned around there. 

Dr. Wegman. I will refrain from doing that. The point of this 
graphic is that there are many factors that affect all of the proxies that are 
used in paleoclimate temperature reconstruction, and without carefully 
teasing out those effects, the tree rings, the ice cores, and so on, are not 
by, in and of themselves totally temperature records. 

So MBH98 and 99 use several proxy indicators to measure global 
climate change. Primarily these include historical records, tree rings, ice 
cores, and coral reefs. More details of the proxies are given in our report 
and mentioned in the written testimony. 

Could we go to figure 2, please? Some examples of tree ring proxy 
series are given in figure 2. Most of the proxy series for these tree rings 
show little structure but the last two show the characteristic hockey stick 
shape. The principal component-like methodology in MBH98 and 99 
preferentially emphasizes these shapes as we shall see. Principal 
component analysis methodology is at the core of the MBH98 and 99 
analysis methodology. Principal component analysis is a statistical 
methodology often used for reducing data sets with many variables into 
data sets with fewer but composite variables. The time series proxy data 
involved are transformed into their principal components where the first 
principal component is intended to explain most of the variation present 
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in the data variables. Each of the subsequent principal components 
explains less and less of the variation. In the methodology of MBH98 
and 99, the first principal component is used in the temperature 
reconstruction. 

Could we have figure 3, please? The two principal methods for 
temperature reconstructions have been used. CFR, climate field 
construction is used in MBH98/99 although that terminology was not 
used formally until 2005, I believe, and the other is CPS, climate-plus- 
scale methodology. The CFR is essentially the principal component- 
based analysis and the CPS is a simple averaging of climate proxies. The 
controversy of the MBH98/99 method lies in that the proxies are 
incorrectly centered on the mean period of 1902 to 1995, rather than on 
the whole time period. The proxy data exhibiting the hockey stick are 
actually decentered low. The updated MBH98/99 reconstruction is given 
in figure 3. This fact that the proxies are centered low is apparent in 
figure 3 because for most of the thousand years the reconstruction is 
below zero. This is temperature anomaly. Because the hockey stick 
proxies are centered too low, they will exhibit a large effective variance, 
allowing the method to exhibit a preference for selecting them as the first 
principal component. The net effect of decentering the proxy data in 
MBH98 and MBH99 is to produce the hockey stick shape. Centering on 
the overall mean is a critical factor in using principal component 
methodology properly. 

Could we have figure 4, please? To illustrate this, we consider the 
North American tree series and apply the MBH98 methodology. The top 
panel shows the result from decentering. The bottom panel shows the 
result when the principal components are properly centered. The 
centering does make a significant difference in the reconstruction, and as 
you see, while the top panel illustrates the temperature rise or purported 
temperature rise in the last 100 years or so, the bottom panel when 
properly centered does not have this temperature rise. 

Could we go to figure 5? To further illustrate this, we digitized the 
temperature profile published in the IPCC 1990 report and we did apply 
both the CFR and the CPS methods to them. The data used here are 69 
unstructured noise pseudo-proxy series with only one copy of the 1990 
profile. The upper left panel illustrates the PCI with proper centering. 
In other words, no structure is shown. The other three panels indicate 
what happens when using principal components with an increasing 
amount of decentering. Again, the single series begins to overwhelm the 
69 other pure noise series. Cleary, this decentering has a big effect. 

It is not clear that Dr. Mann and his associates realized the error in 
their methodology at the time of publication but our re-creation supports 
the critique of the MBH99 methods. 
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As commentary, in general we found the writing in MBH98 and 99 
to be somewhat obscure and incomplete and the criticisms by MM03/05a 
and 05b to be valid. The reasons for setting 1902-1995 as the calibration 
period presented in the narrative of MBH98 sounds plausible on the 
surface and the error may be easily overlooked by someone not trained in 
statistical methodology. We note that there is no evidence that Dr. Mann 
or any of the other authors in the paleoclimate studies have significant 
interactions with mainstream statisticians. 

Because of this apparent isolation, we decided to attempt to 
understand the paleoclimate community by exploring the social network 
of authorships in the temperature reconstruction area. We found that at 
least 43 authors have direct ties to Dr. Mann— and this should be figure 6, 
please; thank you— have direct ties to Dr. Mann by virtue of coauthored 
papers with him. Our findings from this analysis suggest that authors in 
this area of the relatively narrow field of paleoclimate studies are closely 
connected. Dr. Mann has an unusually large reach in terms of influence. 
He is the coauthor with every one of these people which are indicated by 
the black edge borders on the top and the side of this graph. In 
particular, he has a close connection with Drs. Jones, Bradley, Hughes, 
Briffa, Rutherford, and Osborne and those are indicated by the solid 
block on the upper left-hand corner. 

This area of social networks is based off a graph theoretic 
representation, and if we go to figure 7, we can see the graph theoretic 
representation. Because of these close connections, independent studies 
may not be as independent as they appear to be on the surface. Although 
we have no direct data on the functioning of peer review within the 
paleoclimate community but, with me having 35 years of experience 
with peer review in both journals as well as evaluation of research 
proposals, peer review may not have been as independent as would 
generally be desirable. 

Could we have figure 8, please? Figure 8 is a graphic that depicts a 
number of papers in the paleoclimate reconstruction area together with 
some of the proxies used. We note that many of the proxies are shared. 
Some of the same data also suggests a lack of independence. 

The MBH98/99 work has been sufficiently politicized that this 
committee can hardly reassess their public positions without losing 
credibility. Overall, our community believes that the MBH98/99 
assessment that the decade of the 1990s was likely the hottest decade in 
the millennium and that 1998 was likely the hottest year in the 
millennium cannot be supported by their analysis because of the 
mathematical flaws. 

We have some recommendations which flowed out of our analysis. 
Recommendation one: Especially when massive amounts of public 
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monies and human lives are at stake, academic work should have a more 
intense level of scrutiny and review. It is especially the case that authors 
of policy-related documents like the IPCC report should not be the same 
people as those that constructed the academic papers. 

We believe that federally funded research agencies should develop a 
more comprehensive and concise policy on disclosure. All of us writing 
this report have been federally funded. Our experience with Federal 
funding agencies has been that they do not generally articulate clear 
guidelines to the investigators as to what must be disclosed. Federally 
funded work, including code, should be made available to other 
researchers upon reasonable request, especially if the intellectual 
property has no commercial value. Some consideration should be 
granted to the data collectors to have exclusive use of their data for 1 or 2 
years prior to publication but data collected under Federal support should 
be made publicly available. 

Recommendation three: With clinical trials for drugs and devices to 
be approved for human use by the FDA, review and consultation with 
statisticians is expected. Indeed, it is standard practice to include 
statisticians in the application for approval process. We judge this to be 
a good policy when public health and also when substantial amounts of 
monies are involved— for example, when there are major policy decisions 
to be made based on statistical assessments. In such cases, evaluation by 
statisticians should be standard practice. The evaluation phase should be 
a mandatory part of all grant applications and funded accordingly. 

Finally, recommendation four; emphasis should be placed on the 
Federal funding of research related to a fundamental understanding of the 
mechanisms of climate change. Funding should focus on 
interdisciplinary teams and avoid narrowly focused disciple research. 
That is a general comment and by interdisciplinary teams, I mean 
including teams that involve what I like to call the enabling sciences such 
as mathematics, computer science, and statistics. Thank you, sir. 

[The prepared statement of Dr. Edward J. Wegman follows:] 

Prepared Statement of Dr. Edward J. Wegman, Center for Computational 
Statistics, George Mason University 

I would like to begin by eireumseribing the substanee of our report. We were asked 
to provide an independent verifieation by statistieians of the eritiques of the statistieal 
methodology found in the papers of Drs. Miehael Mann, Raymond Bradley and Maleolm 
Hughes published respeetively in Nature in 1998 and in Geophysical Research Letters in 
1999. These two papers have eommonly been referred to as MBH98 and MBH99. The 
eritiques have been made by Stephen Meintyre and Ross MeKitriek published in Energy 
and Environment in 2003 and in Energy and Environment and in Geophysical Research 
Letters in 2005. We refer to these as MM03, MM05a, and MM05b respeetively. We were 
also asked about the implieations of our assessment. We were not asked to assess the 
reality of global warming and indeed this is not an area of our expertise. We do not 
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assume any position with respect to global warming except to note in our report that the 
instrumented record of global average temperature has risen since 1850 according to the 
MBH 99 chart by about 1.2“ centigrade. In the NAS panel Report chaired by Dr. North, 
.6“ centigrade is mentioned in several places. 

Our panel is composed of Edward J. Wegman (George Mason University), David 
W. Scott (Rice University), and Yasmin H. Said (The Johns Hopkins University). This 
Ad Hoc Panel has worked pro bono, has received no compensation, and has no financial 
interest in the outcome of the report. 
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FIGURE 1 


MBH98, MBH99 use several proxy indicators to measure global climate change. 
Primarily, these include historical records, tree rings, ice cores, and coral reefs. More 
details of proxies are given in the report and mentioned in the written testimony. [The 
width and density of tree rings vary with climatic conditions (sunlight, precipitation, 
temperature, humidity, and carbon dioxide and nitrogen oxides availability), soil 
conditions, tree species, tree age, and stored carbohydrates in the trees. The width and 
density of tree rings are dependent on many confounding factors, making isolation of the 
climatic temperature signal uncertain. It is usually the case that width and density of tree 
rings are monitored in conjunction in order to more accurately use them as climate 
proxies. Ice cores are the accumulation of snow and ice over many years that have 
recrystallized and have trapped air bubbles from previous time periods. The composition 
of these ice cores, especially the presence of hydrogen and oxygen isotopes, provides a 
picture of the climate at the time. The relative concentrations of the heavier isotopes in 
the condensate indicate the temperature of condensation, allowing for ice cores to be used 
in global temperature reconstruction. In addition to the isotope concentration, the air 
bubbles trapped in the ice cores allow for measurement of the atmospheric concentrations 
of trace gases, including greenhouse gases carbon dioxide, methane, and nitrous oxide.] 
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Sample Proxy Series 
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FIGURE 2 


Some examples of tree ring proxy series are given in Figure 2. Most of the proxy 
series show little strueture, but the last two show the eharaeteristie ‘hoekey stiek’ shape. 
The prineipal eomponent-like methodology in MBH 98/99 preferentially emphasizes 
these shapes as we shall see. 

Prineipal eomponent analysis methodology is at the eore of the MBH98/99 analysis 
methodology. Prineipal eomponent analysis is a statistieal methodology often used for 
redueing datasets with many variables into datasets with fewer, but eomposite variables. 
The time series proxy data involved are transformed into their prineipal eomponents, 
where the first prineipal eomponent is intended to explain most of the variation present in 
the data variables. Eaeh subsequent prineipal eomponent explains less and less of the 
variation. In the methodology of MBH98/99, the first prineipal eomponent is used in the 
temperature reeonstruetion. 
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FIGURES 


Two principal methods for temperature reconstructions have been used; CFR 
(climate field construction used in MBH98/99) and CPS (climate-plus-scale). The CFR is 
essentially the principal component based analysis and the CPS is a simple averaging of 
climate proxies. The controversy of the MBH98/99 methods lies in that the proxies are 
incorrectly centered on the mean of the period 1902-1995, rather than on the whole time 
period. The proxy data exhibiting the hockey stick shape are actually decentered low. The 
updated MBH99 reconstruction is given in Figure 3. This fact that the proxies are 
centered low is apparent in Figure 3 because for most of the 1000 years, the 
reconstruction is below zero. Because the ‘hockey stick’ proxies are centered too low, 
they will exhibit a larger effective ‘variance’, allowing the method to exhibit a preference 
for selecting them as the first principal component. The net effect of this decentering 
using the proxy data in MBH98 and MBH99 is to produce a ‘hockey stick’ shape. 
Centering on the overall mean is a critical factor in using the principal component 
methodology properly. 
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1400 1500 1600 1700 1800 1900 2000 

Top Panel is the MBH98 reconstruction 
Bottom Panel is the centered PCA reconstruction 

FIGURE 4 


To illustrate this, we eonsider the North Ameriea Tree series and apply the MBH98 
methodology. The top panel shows the result from the de-eentering. The bottom panel 
shows the result when the prineipal eomponents are properly eentered. Thus the eentering 
does make a signifieant differenee to the reeonstruetion. 
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PC 1 with data - 0.0 CFR MsthOClS 


PCI with data - 0.3 



To further illustrate this, we digitized the temperature profile published in the IPCC 
1990 report and applied both the CFR and the CPS methods to them. The data used here 
are 69 unstruetured noise pseudo-proxy series and only one eopy of the 1990 profile. The 
upper left panel illustrates the PCI with proper eentering. In other words, no strueture is 
shown. The other 3 panels indieate what happens using prineipal eomponents with an 
inereasing amount of de-eentering. Again, the single series begins to overwhelm the other 
69 pure noise series. Clearly, these have a big effeet. 

It is not elear that Mann and assoeiates realized the error in their methodology at the 
time of publieation. Our re-ereation supports the eritique of the MBH98 methods. 

In general, we found the writing in MBH98 and MBH99 to be somewhat obseure 
and ineomplete and the eritieisms by MM03/05a/05b to be valid. The reasons for setting 
1902-1995 as the ealibration period presented in the narrative of MBH98 sounds 
plausible, and the error may be easily overlooked by someone not trained in statistieal 
methodology. We note that there is no evidenee that Dr. Mann or any of the other authors 
in paleoelimate studies have had signifieant interaetions with mainstream statistieians. 

Beeause of this apparent isolation, we deeided to attempt to understand the 
paleoelimate eommunity by exploring the soeial network of authorships in temperature 
reeonstruetion. 







Mann-Rutherford-Jones-Osborn-Briffa-Bradley-Hughes 

FUGURE 6 


We found that at least 43 authors have direet ties to Dr. Mann by virtue of 
eoauthored papers with him. Our findings from this analysis suggest that authors in the 
area of this relatively narrow field of paleoelimate studies are elosely eonneeted. Dr. 
Mann has an unusually large reaeh in terms of influenee and in partieular Drs. Jones, 
Bradley, Hughes, Briffa, Rutherford and Osborn. 
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Mann Co-Author K-9 mflower 


DR. MANN 


DRs. JONES, 
BRADLEY, 
HUGHES, 
BRIFFA, 
RUTHERFORD, 
OSBORN 
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FIGURE 7 


Because of these close connections, independent studies may not be as independent 
as they might appear on the surface. Although we have no direct data on the functioning 
of peer review within the paleoclimate community, but with 35 years of experience with 
peer review in both journals as well as evaluation of research proposals, peer review may 
not have been as independent as would generally be desirable. 
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FIGURE 8 


Figure 8 is a graphic that depicts a number of papers in the paleoclimate 
reconstruction area together with some of the proxies used. We note that many of the 
proxies are shared. Using the same data also suggests a lack of independence. 

The MBH98/99 work has been sufficiently politicized that this community can 
hardly reassess their public positions without losing credibility. Overall, our committee 
believes that the MBH99 assessment that the decade of the 1990s was the likely the 
hottest decade of the millennium and that 1998 was likely the hottest year of the 
millennium cannot be supported by their analysis. 

Recommendations 

Recommendation 1. Especially when massive amounts of public monies and 
human lives are at stake, academic work should have a more intense level of scrutiny and 
review. It is especially the case that authors of policy-related documents like the IPCC 
report. Climate Change 2001: The Scientific Basis, should not be the same people as 
those that constructed the academic papers. 

Recommendation 2. We believe that federally funded research agencies should 
develop a more comprehensive and concise policy on disclosure. All of us writing this 
report have been federally funded. Our experience with funding agencies has been that 
they do not in general articulate clear guidelines to the investigators as to what must be 
disclosed. Federally funded work including code should be made available to other 
researchers upon reasonable request, especially if the intellectual property has no 
commercial value. Some consideration should be granted to data collectors to have 
exclusive use of their data for one or two years, prior to publication. But data collected 
under federal support should be made publicly available. 

Recommendation 3. With clinical trials for drugs and devices to be approved for 
human use by the FDA, review and consultation with statisticians is expected. Indeed, it 
is standard practice to include statisticians in the application-for-approval process. We 
judge this to be a good policy when public health and also when substantial amounts of 
monies are involved, for example, when there are major policy decisions to be made 
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based on statistical assessments. In such cases, evaluation by statisticians should be 
standard practice. This evaluation phase should be a mandatory part of all grant 
applications and funded accordingly. 

Recommendation 4. Emphasis should be placed on the Federal funding of research 
related to fundamental understanding of the mechanisms of climate change. Funding 
should focus on interdisciplinary teams and avoid narrowly focused discipline research. 

Mr. Whitfiefd. Thank you, Dr. Wegman, and Dr. North, you are 
recognized for your opening statement. 

Dr. North. Thank you, Mr. Chairman. Before I begin, I would like 
to introduce Peter Bloomfield from North Carolina State University, who 
is a professor of statistics there, and he was on our committee, the NAS 
committee, and so I will use him if I need to during the course of— 

Mr. Whitfiefd. Welcome, Dr. Bloomfield. 

Dr. North. Good morning, Mr. Chairman, and members of the 
committee. My name is Jerry North. I am a professor of atmospheric 
sciences at Texas A&M University and it is nice to see one Aggie here. 
He said he took some statistics there and I suspect he knows more than 
he is letting on today. And I served as the Chairman of the National 
Research Council’s committee on surface temperature reconstruction for 
the last 2,000 years. 

My comments today will highlight the findings of our committee’s 
recently released report. Its aim was to asses the state of scientific efforts 
to reconstruct surface temperature records for the Earth over the last few 
thousand years, and to comment on the implications of these efforts for 
our understanding of global climate change. Surface temperature 
reconstructions are only one of many lines of evidence supporting the 
conclusion that the climate is warming in response to human activities. 
These long records give context and perspective to the issue but they are 
not the primary evidence. In fact, human-induced climate change is 
quite real. 

First some background. Widespread thermometer records only the 
last 150 years or so. To extrapolate deeper into the past, scientists have 
learned to use proxy evidence such as tree rings, corals, ocean and lake 
sediments, ice cores, glacier records, boreholes, and historical 
documents. To give one example, the advances and retreats of glaciers 
can tell us whether the climate has been warmer or cooler on the average 
at that location. Starting in the 1990s, scientists began combining proxy 
evidence for many locations in an effort to estimate temperature changes 
averaged over broad geographic regions for the last few thousand years. 

Much attention has been concentrated on papers published by 
Michael Mann, Raymond Bradley, and Malcolm Hughes in 1998 and 
1999. This is partly because the authors concluded that the Northern 
Hemisphere was warmer during the late 20^^ Century than at any time 



49 


during the past millennium. In addition, it was illustrated with a simple 
graphic, the so-called hockey stick curve, that was featured prominently 
in the 2001 Intergovernmental Panel on Climate Change report, and you 
have seen that graphic. 

Our committee examined the scientific literature in great depth, 
considered written and oral remarks from experts representing a broad 
range of perspectives. We reached five major conclusions. Number one, 
the warming of about one degree Fahrenheit during the 20^^ Century is 
real. No one doubts it. 

Number two: Besides the rapid warming in the 20* Century, two 
other features appear to be common in the records, a cool period centered 
in A.D. 1700 called the Little Ice Age and a warm period around 1000 
known as the Medieval Warm Period, details about the latter being much 
less certain. 

Number three: It can be said with a high level of confidence that 
global mean surface temperature was higher during the last few decades 
of the 20* Century than during any comparable period since 1600. This 
statement is justified by the consistency of the evidence from a wide 
variety of geographically diverse proxies. If we could put that graphic 
up. That one. That is the only one I will show. So here is the kind of 
diverse evidence that I would like to just mention. These are different 
curves from different investigators. Most of them have come out after 
the Mann et al. work, and some of them don’t rely on the statistical 
techniques at all. The boreholes, for example, come from the direct 
physics, no calibration with the instrumental temperatures, and the same 
is true for the glacier length records. 

Number four: Less confidence can be placed in large-scale surface 
temperature reconstructions from A.D. 900 to 1600. We find that 
temperatures at many, but not all, locations were higher during the last 
25 years than during any period of comparable length since A.D. 900, 
but the uncertainties increase substantially as one moves backward in 
time through this period and are not yet fully quantified. Now, the way 
we tried to illustrate that on this graphic is by showing a sort of 
darkening graying as you go back, and one of my colleagues on the 
committee says well, as you go back beyond the year 1600, things get a 
little murkier, so the amount of the kinds of data that we have and so on 
are much less certain. We don’t understand all of the interrelations and 
so forth, so I can go into that in more detail if you need it. 

And number five, very little confidence can be assigned to 
statements concerning the average surface temperatures prior to about 
A.D. 900, so we just don’t know enough about that period. 

Now, the basic conclusion of the 1999 paper by Mann and his 
colleagues was that the late 20* Century warmth in the Northern 
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Hemisphere was unprecedented during at least the last 1,000 years. This 
conclusion has substantially been supported by an array of evidence, but 
substantial uncertainties remain for the period before about 1600, and I 
can give you some illustrations of other ways of looking at the problem 
later if that should come up in questions. Our main disagreements with 
the Mann 98/99 papers are related to the assertions about warmth of 
individual decades and individual years. We don’t subscribe to that kind 
of definition of the problem. We also question some of their statistical 
methodology, in fact, some of the same claims that were put forward by 
Dr. Wegman and you will hear some later as well. 

However, our reservations with some aspects of the original papers 
by Mann and colleagues should not undermine the fact that the climate is 
warming and will continue to warm as a result of human activities. In 
fact, the scientific consensus regarding human-induced climate warming, 
global warming, would not be substantively altered if the global mean 
surface temperature 1,000 years ago was found to be as warm as it is 
today although there is evidence that this really is a very exceptional 
period that we are in now, and again, I can come back to that during 
questions. This is because we don’t know enough about the driving 
forces of the climate over that long period. 

During the last 150 years, we have considerable evidence about the 
increase in greenhouse gas concentrations and we know a lot about the 
other things that tend to nudge the climate system as well. By the way, a 
lot has been learned about climate in the last 30 or 40 years. I mean, it is 
a very rapidly changing field and we have all the giant computers and 
satellites now at our disposal to help us. So we know a lot more about 
this than we did 30 years ago. And in the last quarter century, when 
warming was particularly steep, we also have good data on the sun 
because for the last 25 years we have been measuring the sun very, very 
accurately from outside the atmosphere using satellites. Aerosols— we 
have a very good idea of how the dust and tiny particles in the 
atmosphere have been changing over the last 25 years and probably 50, 
both of which— both of these two drivers of climate change, the sun and 
the aerosols, really are negligible compared to the forcing from 
greenhouse gases. 

Moreover, climate models can only reproduce the warming of the 
20^^ Century when greenhouse gases are included. Our knowledge of the 
driving forces over the last several thousands of years is not yet good 
enough to go back beyond this recent period, so that is the reason that 
that early data doesn’t really close or finish off the story. 

So now in conclusion, our committee finds that large-scale surface 
temperature reconstructions contribute to climate research, they are 
important, and that they contain meaningful climate signals. Our 
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confidence in the reconstructions becomes stronger when multiple 
independent lines of evidence point to the same general result such as the 
warmth of the last few decades of the 20^^ Century relative to the last 400 
years. Further research, especially in the collection of additional proxy 
evidence, would help to reduce the uncertainties and allow us to make 
more definitive conclusions over longer time periods. 

I thank you for your attention, and I would be happy to answer any 
questions, and I may call on Dr. Bloomfield to help me. 

[The prepared statement of Dr. Gerald R. North follows:] 
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Prepared Statement of Dr. Gerald R. North, Department of Atmospheric 
Sciences, Texas A&M University 

Good morning, Mr. Chairman and members of the Committee. My name is Jerry 
North, I am the Harold J. Haynes Endowed Chair in Geosciences and a Distinguished 
Professor in the Department of Atmospheric Sciences at Texas A&M University, and I 
served as chair of the National Research Council’s Committee on Surface Tenqjerature 
Reconstructions for the Last 2,000 Years. The National Research Council is the 
operating arm of the National Academy of Sciences, National Academy of Engineering, 
and the Institute of Medicine, chartered by Congress in 1 863 to advise the government on 
matters of science and technology. 

My comments today will highlight the key findings of our committee’s recent 
report on Surface Temperature Reconstructions for the Last 2,000 Years, which was 
prepared in response to a request fix)m Chairman Boehlert of the House Committee on 
Science. Our task was to assess the state of scientific efforts to reconstruct surface 
temperature records for the Earth over the past few hundred to few thousand years, and to 
comment on the implications of these efforts for our understanding of global climate 
change. I would like to stress, in advance, that surface temperature reconstructions are 
only one of multiple lines of evidence supporting the conclusion that the climate is 
warming in response to human activities, and they are not the primary evidence. In foct, 
man-made climate change is quite real. However, our report did not examine projections 
of future climate change in any detail, and it does not make policy recommendations. 

Let me begin by briefly explaining how scientists go about reconstructing surfoce 
tenq>eratures for the past few millennia. Because widespread thermometer measurements 
are only available for the last 150 years or so, scientists estimate ten:q)eratures in the more 
distant past by analyzing what we call proxy evidence. Common proxies include tree 
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rings, corals, ocean and lake sediments, cave deposits, ice cores, glacier records, 
boreholes, and historical documents. To give one example, the annual growth rings in a 
tree can tell us about the climate at that location when the growth occurred ~ a thicker 
ring indicates better growing conditions than a narrow ring. Likewise, the advances and 
retreats of glaciers around the world provide evidence of wanning and cooling. 

Starting in the 1990s, scientists began using sophisticated methods to combine 
proxy evidence from many different locations in an effort to estimate surface tenq)erature 
changes averaged over broad geographic regions during the last few hundred to few 
thousand years. These large-scale surface ten^erature reconstructions have enabled 
researchers to estimate past tenq)erature variations over the Northern Hemisphere or even 
the entire globe, often with time resolution as fine as decades or even individual years. 

The papers that have attracted the most attention in this research area were written 
by Michael Mann, Raymond Bradley and Malcolm Hughes in 1998 and 1999. Dr. Mann 
and his colleagues used a new methodology to combine data from a number of sources to 
estimate temperatures in the Northern Hemisphere for the last six centuries, and then for 
the last 1,000 years. This research received wide attention, in part because the authors 
concluded that the Northern Hemisphere was warmer during the late 20th century than at 
any other time during the past millennium, and also because it was illustrated with a 
simple graphic, the so-called hockey stick curve, that was featured prominently in the 
2001 Intergovernmental Panel on Climate Change report. 

Our committee was composed of 12 members with expertise in a range of fields 
including climate modeling, statistics, climate change and variability, and each of the 
types of proxies commonly used for climate reconstructions. The committee took 
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multiple steps to acconplish its charge. First, we hosted a two-day workshop in March 
2006 and invited numerous speakers from all perspectives in the debate to participate. 
We examined the scientific literature in great depth, and considered written input from 
many sources. The evidence we considered included large-scale surface temperature 
reconstructions from a number of different research teams, as well as local and regional 
proxy evidence collected from a number of locations around the world. We also looked 
at the instrumental record and examined various statistical considerations. 

Let me summarize five key conclusions we reached after reviewing the evidence: 

1 . The instrumentally measxired warming of about 1 ®F during the 20th century is 
also reflected in borehole temperature measurements, the retreat of glaciers, and other 
observational evidence, and can be simulated with climate models. 

2. Large-scale surface temperature reconstructions yield a generally consistent 
picture of temperature trends during the preceding millennium, including relatively warm 
conditions centered around A.D. 1000 (identified by some as the “Medieval Warm 
Period”) and a relatively cold period (or “Little Ice Age”) centered around 1 700. 

3. It can be said with a high level of confidence that global mean surface 
temperature was higher during the last few decades of the 20th century than during any 
con^arable period during the preceding four centuries. This statement is justified by the 
consistency of the evidence from a wide variety of geographically diverse proxies. 

4. Less confidence can be placed in large-scale surface temperature reconstructions 
for the period A.D. 900 to 1600. Presently available proxy evidence indicates that 
temperatures at many, but not all, individual locations were higher during the past 25 
years than during any period of comparable length since A.D. 900. The uncertainties 
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increase substantially backward in time through this period and are not yet folly 
quantified. 

5. Very little confidence can be assigned to statements concerning the hemispheric 
mean or global mean surface tenqjerature prior to about A.D. 900. 

The main reason that our confidence in large-scale surface tenq)erature 
reconstructions is lower before A.D. 1 600 and especially before A.D. 900 is the relative 
scarcity of precisely dated proxy evidence. Other factors limiting our confidence in 
surface temperature reconstructions include the relatively short length of the instrumental 
record, the fact that all proxies are influenced by many climate variables, and the 
possibility that the relationship between proxy data and local surface temperatures may 
have varied over time. All of these considerations introduce uncertainties that are 
difficult to quantify. 

Overall, the committee finds that efforts to reconstruct temperature histories for 
broad geographic regions using multiproxy methods are an important contribution to 
climate research and that these large-scale surface temperature reconstructions contain 
meaningful climatic signals. The individual proxy series used to create these 
reconstructions generally exhibit strong correlations with local environmental conditions, 
and in most cases there is a physical, chemical, or physiological reason why the proxy 
reflects local ten^erature variations. Our confidence in the results of these 
reconstructions becomes stronger when multiple independent lines of evidence point to 
the same general result, as in the case of the Little Ice Age cooling and the 20th centuiy 
warming. 


4 



56 


The basic conclusion of the 1999 paper by Dr. Mann and his colleagues was that 
the late 20th century warmth in the Northern Hemisphere was unprecedented during at 
least the last 1,000 years. This conclusion has subsequently been supported by an array 
of evidence that includes both additional large-scale surface tenperature reconstructions 
and pronoimced changes in a variety of local proxy indicators, such as melting on icecaps 
and the retreat of glaciers around the world, which in many cases appear to be 
unprecedented during at least the last 2,000 years. 

Based on the analyses presented in the original papers by Mann et al. (1998, 

1999) and this newer supporting evidence, the committee finds it plausible that the 
Northern Hemisphere was warmer during the last few decades of the 20th century than 
during any comparable period over the preceding millennium. However, the substantial 
uncertainties currently present in the quantitative assessment of large-scale surface 
temperature changes prior to about A.D. 1600 lower our confidence in this conclusion 
compared to the high level of confidence we place in the Little Ice Age cooling and 20th 
century warming. Even less confidence can be placed in the original conclusions by 
Mann et al. (1999) that “the 1990s are likely the warmest decade, and 1998 the wannest 
year, in at least a millennium” because the uncertainties inherent in temperature 
reconstructions for individual years and decades are larger than those for longer time 
periods, and because not all of the available proxies record temperature information on 
such short timescales. We also question some of the statistical choices made in the 
original papers by Dr. Mann and his colleagues. However, our reservations with some 
aspects of the original papers by Mann et al. should not be construed as evidence that our 
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committee does not believe that the climate is warming, and will continue to warm, as a 
result of human activities. 

Large-scale surface temperature reconstructions are only one of multiple lines of 
evidence supporting the conclusion that climatic warming is occurring in response to 
human activities, and they are not the primary evidence. The scientific consensus 
regarding human-induced global warming would not be substantively altered i^ for 
example, the global mean surface temperature 1,000 years ago was found to be as warm 
as it is today. This is because reconstructions of surfoce tenq)erature do not tell us why 
the climate is changing. To answer that question, one would need to examine the factors, 
or forcings, that influence the climate system. Prior to the Industrial Revolution, the 
primary climate forcings were changes in volcanic activity and in the output of the Sun, 
but the strength of these forcings is not very well known. In contrast, the increasing 
concentrations of greenhouse gases in the atmosphere over the past century are consistent 
with both the magnitude and the geographic pattern of warming seen by thermometers. 

One significant part of the controversy on this issue is related to data access. The 
collection, compilation, and calibration of paleoclimatic proxy data represent a 
substantial investment of time and resources, often by large teams of researchers. The 
committee recognizes that access to research data is a con^licated, discipline-dependent 
issue, and that access to computer models and methods is especially challenging because 
intellectual property rights must be considered. 

Our view is that all research benefits fi-om full and open access to published 
datasets and that a clear explanation of analytical methods is mandatory. Peers should 
have access to the information needed to reproduce published results, so that increased 


6 



58 


confidence in the outcome of the study can be generated inside and outside the scientific 
community. Paleoclimate research would benefit if individual researchers, professional 
societies, journal editors, and funding agencies continued their efforts to ensure that 
existing open access practices are followed. 

So where do we go fi*om here? Large-scale surface temperature reconstructions 
have the potential to further improve our knowledge of temperature variations over the 
last 2,000 years, particularly if additional proxy evidence can be identified and obtained 
firom areas where the coverage is relatively sparse and for time periods before A.D. 1600 
and especially before A.D. 900. It would also be helpful to update proxy records that 
were collected decades ago, in order to develop more reliable calibrations with the 
instrumental record. 

New analytical methods, or more carefiil use of existing ones, may also help 
circumvent some of the existing limitations of surface temperature reconstructions 
performed using multiple proxy data. Efforts to improve our understanding of how solar 
output and volcanic activity have varied over the past few thousand years are also 
important. Finally, because some of the most important potential consequences of 
climate change are linked to changes in regional circulation patterns, hurricane activity, 
and the frequency and intensity of droughts and floods, regional and large-scale 
reconstructions of changes in other climatic variables, such as precipitation, over the last 
2,000 years would provide a valuable complement to those made for ten^erature. 

In summary, as science has made progress over the past few years, we have 
learned that large-scale surface temperature reconstructions are important tools in our 
understanding of global climate change. Surface temperature reconstructions are a useful 
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source of information about the variability and sensitivity of the climate system, and they 
contribute evidence that allows us to say, with a high level of confidence, that global 
mean surface temperature was higher during the last few decades of the 20th century than 
during any comparable period during the preceding four centuries. Further research, 
especially the collection of additional proxy evidence, would help to reduce uncertainties 
and allow us to make more definitive conclusions over longer time periods. 

Thank you for your attention. My colleagues and I would be happy to address 
and questions the Subcommittee might have. 
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Mr. Whitfield. Dr. North, thank you and Dr. Wegman both for 
your testimony, and Dr. North, now, you are a Ph.D. Are you a 
climatologist or— 
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Dr. North. I have a Ph.D. in physics from the University of 
Wisconsin. 

Mr. Whitfield. From the University of Wisconsin. 

Dr. North. Yes. 

Mr. Whitfield. A wonderful school. 

Dr. North. Yes. It is a wonderful school. 

Mr. Whitfield. Almost as good as Texas A&M. 

Dr. North. Well, comparable. 

Mr. Whitfield. Now, have you had the opportunity to review Dr. 
Wegman’s and his associates— 

Dr. North. Yes, I did receive it a few days ago so I don’t think I 
have read it in the detail that I should but I have been able to look 
through it. 

Mr. Whitfield. And you all don’t know each other? You are not 
friends or— 

Dr. North. No, I met him at our briefing a couple of weeks ago 
just for a handshake. 

Mr. Whitfield. Well, I was wondering if you might just take a 
minute or two to summarize your— as a professional in this area and your 
experience in this area. What is your reaction to their report? 

Dr. North. Well, I think that on many things we are in agreement. 
The studies that— I mean, the examination they did of the statistical 
procedures and the Mann et al. papers is not the way we would— that I 
would have done it in hindsight, especially now looking back. It is not 
the way I would have done it. I don’t think there is anything dishonest 
about it or anything like that, but I think that the analyses that the 
Wegman group did really were— some of those were examined by the 
statisticians on our committee and I don’t think that we are in any great 
disagreement about it. Let me just mention this, that the criticisms don’t 
mean that the MBH claims were wrong. They just mean that the MBH 
claims are not convincing by themselves. So if you pull together other 
information, then that does change the view a bit. 

Mr. Whitfield. Now, Dr. Wegman, I am not a statistician but 
obviously a statistician is where you look at data and from that data you 
try to look at the probability of something happening or not happening 
and whatever. Is that just in a rough layman’s term what statistics is all 
about, or give me your definition of statistics or a statistician. 

Dr. Wegman. Well, I think a statistician generally tries to look at 
data and represent the meaning, the inferences that are available from 
that data as straightforwardly and honestly as possible. 

Mr. Whitfield. Now, Dr. North said that his group had reviewed 
your document and that they agreed with much of what you said and you 
have indicated that one of your primary concerns about the Mann 
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document is the center point that was utilized in his hockey stick graph. 
Would you elaborate on that a little bit? 

Dr. Wegman. Yes. They used the period from 1902 to 1995, which 
was the instrumented temperature record that they used, so they used that 
period to calibrate the proxy data. They centered their overall proxy data 
on that period, 1902 to 1995, and of course temperature was rising in that 
period, so when you center on that period, you push the rest of the proxy 
data below the axis. That has, as I mentioned, the net effect of increasing 
the variance and making the principal component methodology pick out 
that kind of shape. So it preferentially attempts to fit those kind of 
shapes in the first principal component. 

Mr. Whitfield. And it does establish this hockey stick showing a 
rapidly increasing— 

Dr. Wegman. That is essentially the mechanism that creates the 
hockey stick. If you do the— as I showed in the one graph, if you do the 
centering properly, the hockey stick disappears. 

Mr. Whitfield. Now- 

Chairman Barton. Would the Chairman yield on that point? 

Mr. Whitfield. Yes. 

Chairman Barton. Dr. Wegman, you say when you center it 
properly. Put in layman’s terms that those of us that are not statisticians, 
what does that mean, centering it properly? 

Dr. Wegman. Thank you for asking. The principal components 
analysis methodology requires that the data be centered on the mean of 
the overall series, so if you are doing reconstructions, let us say, back to 
year 1000, 1000 to 2000, then you should center on the average value of 
the proxy series for the period 1902 to— 

Chairman Barton. In which there is better data. I mean, they— 
there could be a plausible reason why they did what they did, the more 
accurate data, they are more certain of it? 

Dr. Wegman. Well, they are more certain of the temperature data 
but the net effect of the decentering is to preferentially pick out these— 

Chairman Barton. But what they should have done was if they 
are going to measure from one 1000 to 2000, they should have used all 
the data points and came up with the mean and centered wherever that 
mean was? 

Dr. Wegman. That is correct, yes. 

Chairman Barton. Thank you. 

Mr. Whitfield. And I think the reason that is important is that 
when you make a categorical statement that the 1990s were the warmest 
decade in a millennium and that 1998 was the warmest year in the 1,000, 
I mean, it is difficult to make a statement like that categorically if the 
centering is not correct. Would you agree with that? 
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Dr. Wegman. Yes, I agree. 

Mr. Whitfield. And I think that is the whole basis of this hearing 
because this hockey stick— all of us are concerned about global warming 
but I do think we have an obligation and responsibility— everyone has 
latched onto this hockey stick and almost created a panic in a way, and 
maybe we should be panicked, but I think it is important that we 
understand how the hockey stick came about, and that is what we are 
talking about today. Now, Dr. North, do you agree with Dr. Wegman’s 
centering analysis or not? 

Dr. North. I do. I think that he is right about that. However, you 
know, we have to be careful here and not throw the baby out with the 
water. 

Mr. Whitfield. Right. 

Dr. North. Because there have been other analyses, papers 
published after the Mann papers in which people just took a simple 
average. Dr. Crowley wrote a paper just a short time after that in which 
he didn’t use the principal component analysis at all. He got essentially 
the same answer. And so— 

Mr. Whitfield. Is that what we refer to as the CPS analysis? 

Dr. North. I don’t know what the initials— but he just took the 
average instead of dealing with the data the way one does it in the 
principal component analysis, so what I am arguing, and some other 
people have also done this same, there have been many studies later that 
don’t use principal component analysis and the ones that I showed you, it 
is not there now— 

Mr. Waxman. Mr. Chairman. 

Dr. North. They don’t all use principal component analysis. 

Mr. Whitfield. Yes? 

Mr. Waxman. Will you yield to me? I am just wondering if Dr. 
Wegman is familiar with Dr. Crowley’s way of handling the statistics 
and if he thinks that the conclusions are suspect in the Crowley study. 

Dr. Wegman. Well, let me say that simple averaging of proxies, 
depending on how the proxies are selected, can yield the same kind of 
results. In fact, if— I don’t know if you can put up my backup slide, 
backup figure number 2, the backup figure number 2 shows— 

Mr. Whitfield. Well, are we putting this graph up? Where is this 
graph? Okay. There we go. Okay. 

Dr. Wegman. This is using the CPS, simple averaging proxy 
methodology, just like the principal components, and by doing the simple 
averaging of proxies appropriately selected, you can reconstruct the same 
shape that you had with the principal component-type methodology. So 
it is possible depending on how you approach this. 
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Mr. Whitfield. So you can do a lot of things, just depending upon 
what data you use, what the centering is and so forth? 

Dr. Wegman. Exactly. 

Mr. Whitfield. Now, let me just ask both of you one question 
quickly. My time has been used by other people. 

Mr. Waxman. I would like to ask unanimous consent that the 
chairman be given two additional minutes, but are you critical— because 
that was my question— are you critical of his methodology in reaching the 
same conclusion? 

Dr. Wegman. I am saying that it is quite possible to use the CPS, 
the averaging methodology, and come to the same conclusion that Dr. 
Mann had. I am not saying he did that because I haven’t studied his 
paper in such detail as to be willing to say that. 

Mr. Whitfield. Well, let me just ask you on this whole issue of 
scientific analysis and scientific collaboration and so forth, you 
mentioned this social networking, for lack of a better term. I mean, like 
any other profession, scientists, statisticians, they deal with each other, 
they know each other, they write articles together and so forth. But how 
serious is this issue of bodies making scientific reports and getting into a 
pattern of talking to the same people all the time about the same thing 
and they all have the same views? Is that a significant problem or not? 

Dr. Wegman. I think it potentially can be. It would be naive to 
think that there are not competing social networks within a discipline 
area. Sometimes the competing social networks keep each other in 
check. In the statistical arena, for example, there is a group of people 
who view themselves as classical statisticians. There is a group of 
people who view themselves as Bayesian statisticians. As one of our 
reviewers said. Heaven help you if you get a reviewer from a competing 
social network. 

Mr. Whitfield. Okay. 

Dr. Wegman. And I think it would be naive to think that these 
things don’t exist. They exist in peer review journals, they exist in 
reviews of proposals submitted to the NSF and other organizations. 

Mr. Whitfield. Would you like to make a comment about this 
whole issue. Dr. North? 

Dr. North. Well, I would be pleased to. There are several matters 
here. Social networking, it does seem to me to be a little bit of a problem 
to pick out that this young scientist got busy and found himself 43 
coauthors. I think a lot of us would look at that and say my, he is quite a 
charismatic young man who has gone out and found himself 43 
collaborators. That is something that I would probably look very 
favorable on if I were considering him for tenure. And so there is that. 
Now, do people collaborate and think similarly? Of course they do. But, 
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you know, if you look back at the history of, say, quantum mechanics in 
the early 1920s, it was Einstein, Bohr, Heisenberg, all these people. I am 
sure if you did a similar analysis, you would probably find something 
very like that, but in fact these guys hated each other. I mean, they were 
very, very competitive. And if you look at the 43 authors, I am sure that 
not all of them like to go out and have a beer together. This is pretty 
competitive business, and I will tell you, if somebody can find a way to 
knock down someone else’s theory, that is their road to recognition and 
fame. We all do that. That is part of the game and we really enjoy that 
part of the game. So yes and no. 

Mr. Whitfield. All right. Thank you. My time has expired and I 
will recognize Mr. Stupak. 

Mr. Stupak. Mr. Chairman, because of time constraints, I am 
letting Mr. Waxman go now and I will catch the next round. 

Mr. Waxman. Thank you very much, Mr. Stupak and Mr. 
Chairman. That was an interesting analysis. Dr. North. We are 
sometimes sheltered by our own politics but it looks like academics have 
their politics. 

Dr. North. They do. 

Mr. Waxman. And I guess we should take that into consideration, 
but I don’t think we doubt all science because experts agree with each 
other or that they are competing with each other. Is that— 

Dr. North. That is correct. You know, the process works. You 
know, as they say, it is a little like making sausage. You have heard that 
one. 

Mr. Waxman. On June 7, 2005, 11 National Science academies 
issued a joint statement calling on world leaders “to acknowledge that 
the threat of climate change is clear and increasing” and in their joint 
statement, the science academies of Brazil, Canada, China, France, 
Germany, India, Italy, Japan, Russia, the United Kingdom, and the 
United States declared, “There is now strong evidence that significant 
global warming is occurring.” They also stated that it is likely that most 
of the warming in recent decades can be attributed to human activities. 
Mr. Chairman, I would like to ask unanimous consent that this statement 
from the premiere scientific institutions be placed in the record. 

Mr. Whitfield. Without objection. 

[The information follows:] 
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TAB 19 



Joint science academies' statement: 
Global response to climate change 


Climate change is real 

There will always be uncertainty in understanding a system 
as complex as the world's climate. However there is now 
strong evidence that significant global warming is 
occurring'. The evidence comes from direct measurements 
of rising surface air temperatures and subsurface ocean 
temperatures and from phenomena such as increases in 
average global sea levels, retreating glaciers, and changes 
to many physical and biological systems. It is likely that 
most of the warming in recent decades can be attributed 
to human activities (IPCC 2001)2. jhis warming has already 
ied to changes in the Earth's climate. 

The existence of greenhouse gases in the atmosphere is 
vital to life on Earth - in their absence average 
temperatures would be about 30 centigrade degrees lower 
than they are today. But human activities are now causing 
atmospheric concentrations of greenhouse gases - 
including carbon dioxide, methane, tropospheric ozone, 
and nitrous oxide - to rise well above pre-industrial levels. 
Carbon dioxide levels have increased from 280 ppm in 
1750 to over 375 ppm today - higher than any previous 
levels that can be reliably measured (i.e. in the last 420,000 
years). Increasing greenhouse gases are causing 
temperatures to rise; the Earth's surface warmed by 
approximately 0.6 centigrade degrees over the twentieth 
century. The Intergovernmental Panel on Climate Change 
(IPCC) projeaed that the average global surface 
temperatures wilt continue to increase to between 1 .4 
centigrade degrees and 5.8 centigrade degrees above 1990 
levels, by 2100. 

Reduce the causes of climate change 

The scientific understanding of climate change is now 
sufficiently dear to justify nations taking prompt action. It 
is vital that all nations identify cost-effective steps that they 
can take now, to contribute to substantial and long-term 
reduction in net global greenhouse gas emissions. 

Action taken now to reduce significantly the build-up of 
greenhouse gases in the atmosphere will lessen the 
magnitude and rate of climate change. As the United 
Nations Framework Convention on Climate Change 
(UNFCCC) recognises, a lack of full scientific certainty 
about some aspects of climate change is not a reason for 
delaying an immediate response that will, at a reasonable 
cost, prevent dangerous anthropogenic interference with 
the climate system. 

As nations and economies develop over the next 25 years, 
world primary energy demand is estimated to increase by 
almost 60%. Fossil fuels, which are responsible for the 
majority of carbon dioxide emissions produced by human 
activities, provide valuable resources for many nations and are 
projected to provide 85% of this demand (lEA 2004)3. 
Minimising the amount of this carbon dioxide reaching the 
atmosphere presents a huge challenge. There are many 


potentially cost-effective technological options that could 
contribute to stabilising greenhouse gas concentrations. 

These are at various stages of research and development. 
However barriers to their broad deployment still need to be 
overcome. 

Carbon dioxide can remain in the atmosphere for many 
decades. Even with possible lowered emission rates we will 
be experiencing the impacts of climate change throughout 
the 215t century and beyond. Failure to implement 
significant reductions in net greenhouse gas emissions 
now, will make the job much harder in the future. 

Prepare for the consequences of 
climate change 

Major parts of the climate system respond slowly to 
changes in greenhouse gas concentrations. Even if 
greenhouse gas emissions were stabilised instantly at 
today's levels, the climate would still continue to change as 
it adapts to the increased emission of recent decades. 
Further changes in climate are therefore unavoidable. 
Nations must prepare for them. 

The projected changes in climate will have both beneficial 
and adverse effects at the regional level, for example on 
water resources, agriculture, natural ecosystems and 
human health. The larger and faster the changes in 
climate, the more likely it is that adverse effects will 
dominate. Increasing temperatures are likely to increase the 
frequency and severity of weather events such as heat 
waves and heavy rainfall. Increasing temperatures could 
lead to large-scale effects such as melting of large ice 
sheets (with major impacts on low-lying regions 
throughout the world). The IPCC estimates that the 
combined effects of ice melting and sea water expansion 
from ocean warming are projected to cause the global 
mean sea-level to rise by between 0.1 and 0.9 metres 
between 1990 and 2100. In Bangladesh alone, a 0.5 metre 
sea-level rise would place about 6 million people at risk 
from flooding. 

Developing nations that lack the infrastructure or resources 
to respond to the impacts of climate change will be 
particularly affected. It is clear that many of the world's 
poorest people are likely to suffer the most from climate 
change. Long-term global efforts to create a more healthy, 
prosperous and sustainable world may be severely hindered 
by changes in the climate. 

The task of devising and implementing strategies to adapt 
to the consequences of climate change will require 
worldwide collaborative inputs from a wide range of 
experts, including physical and natural scientists, engineers, 
social scientists, medical scientists, those in the humanities, 
business leaders and economists. 
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Conclusion 

We urge all nations, in the line with the UNFCCC 
principles'*, to take prompt action to reduce the causes of 
climate change, adapt to its impacts and ensure that the 
issue is included in all relevant national and international 
strategies. As national science academies, we commit to 
working with governments to help develop and implement 
the national and international response to the challenge of 
climate change. 

G8 nations have been responsible for much of the past 
greenhouse gas emissions. As parties to the UNFCCC, G8 
nations are committed to showing leadership in addressing 
climate change and assisting developing nations to meet 
the challenges of adaptation and mitigation. 

We call on world leaders, including those meeting at the 
Gleneagles G8 Summit in July 2005, to; 

• Acknowledge that the threat of climate change is clear 
and increasing. 


• Launch an international study^ to explore scientifically- 
informed targets for atmospheric greenhouse gas 
concentrations, and their associated emissions scenarios, 
that will enable nations to avoid impacts deemed 
unacceptable. 

• Identify cost-effective steps that can be taken now to 
contribute to substantial and long-term reduction in net 
global greenhouse gas emissions. Recognise that delayed 
action wilt increase the risk of adverse environmental 
effects and will likely incur a greater cost. 

• Work with developing nations to build a scientific and 
technological capacity best suited to their circumstances, 
enabling them to develop innovative solutions to mitigate 
and adapt to the adverse effects of climate change, while 
explicitly recognising their legitimate development rights. 

• Show leadership in developing and deploying clean 
energy technologies and approaches to energy efficiency, 
and share this knowledge with all other nations. 

• Mobilise the science and technology community to 
enhance research and development efforts, which can 
better inform climate change decisions. 


Notes and references 

1 This statement concentrates on climate change associated with global warming. We use the UNFCCC definition of climate change, which is ‘a change 
of climate which is attributed directiy or indirectiy to human activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods'. 

2 IPCC (2001). Third Assessment Report. We recognise the international scientific consensus of the Intergovernmental Panel on Climate Change (IPCC). 

3 lEA (2004). World Energy Outlook 4. Although long-term projections of future world energy demand and supply are highly uncertain, the World 
Energy Outlook produced by the International Energy Agency (lEA) is a useful source of information about possible future energy scenarios. 

4 With special emphasis on the first principle of the UNFCCC, which states; The Parties should protect the climate system for the benefit of present and 
future generations of humankind, on the basis of equity and in accordance with their common but differentiated responsibilities and respective 
capabilities. Accordingly, the developed country Parties should take the lead in combating climate change and the adverse effects thereof. 

5 Recognising and building on the IPCC's ongoing work on emission scenarios. 
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Mr. Waxman. Dr. North, I would like to begin with you. Do you 
agree with the statement of these premiere institutions that there is now 
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strong evidence that significant global warming is occurring and that it is 
likely that most of the warming can be attributed to human activities? 

Dr. North. Yes, I do. 

Mr. Waxman. And Dr. North, the national science academies also 
state that the scientific understanding of climate change is sufficiently 
clear to justify nations taking prompt action. They say it is important 
that we take cost-effective steps now to reduce our emissions or else it 
will be more costly to act in the future. Again, do you agree with that 
statement? 

Dr. North. Well, now you are stepping a little bit beyond my role 
here. I will talk about the science but what we ought to do is somebody 
else’s business. 

Mr. Waxman. I am concerned that some are going to hear about 
Dr. Wegman’s statistical criticism of the early Mann study and somehow 
conclude that global warming is still an open question. In order to put 
the overall importance of this issue in context, I would like to ask you 
about some of the other evidence of global warming. Are the Mann 
studies the basis for the ice core studies that give us data going back 
hundreds of thousands of years? 

Dr. North. No. 

Mr. Waxman. Are the Mann studies the basis for the recorded 
atmospheric temperature records that we have maintained for the last 150 
years? 

Dr. North. No. 

Mr. Waxman. Dr. Crowley is going to testify later today that 
although the Mann study was influential in the IPCC’s 2001 assessment, 
the studies, which demonstrated that the instrumental record and the 
models could not be reconciled without an anthropogenic greenhouse 
influence, were even more influential. Were those studies based on the 
Mann studies? 

Dr. North. I don’t think so. I am sorry. I didn’t hear everything 
you said. 

Mr. Waxman. Well, Dr. Crowley is going to tell us that— 

Dr. North. He will talk about that, sure. 

Mr. Waxman. —although the Mann study was influential with the 
IPCC’s 2001- 

Dr. North. Well, it was part of the report. It was a part of the 
report. 

Mr. Waxman. Right. 

Dr. North. But as I have said, it is only one of several lines of 
evidence that are used in drawing those conclusions. 

Mr. Waxman. And so therefore you have further studies that seem 
to come to similar conclusions? 
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Dr. North. There are other studies, and they were shown on the 
graphic that I showed you. 

Mr. Waxman. And they weren’t based on the Mann studies, were 
they? 

Dr. North. They were not based on the Mann studies. Now, there 
are cases where they use the same data so there is some correlation and 
that is what I think Dr. Wegman referred to and that is correct. See, there 
is only a limited amount of data, so— 

Mr. Waxman. In 2005, two research teams led by scientists at the 
Scripps Institution for Oceanography and NASA’s Goddard Institute for 
Space Studies published studies in Science magazine that concluded that 
not only is the Earth’s air and land warming, but the oceans are warming 
as well and that heating has penetrated more than 1,000 feet into the 
ocean’s depth. Jim Hanson, director of the NASA Goddard Institute for 
Space Studies and the lead author of one of the studies, called these 
findings “the smoking gun of global warming.” Dr. North, are these 
studies in any way based on the Mann 1998 and 1999 studies? 

Dr. North. No, not at all. 

Mr. Waxman. In July 2005, Nature magazine published a study by 
Dr. Kerry Emanuel of M.I.T. who found that the destructive power of 
hurricanes is increasing along with ocean temperatures. Dr. Emanuel 
found that the total destructive potential of hurricanes has increased 
markedly during the last 30 years. While natural cycles in the pattern of 
ocean circulation likely played a role. Dr. Emanuel attributes at least part 
of the increase to global warming. Just last month the publication 
Geophysical Research Letters published a new study by Dr. Kevin 
Trenberth and Dr. Dennis Shea of the National Center for Atmospheric 
Research which concludes that global warming fueled hurricane intensity 
in the waters of the tropical North Atlantic in 2005, while natural cycles 
were only a minor factor. Dr. North, are these papers by Dr. Emanuel, 
Dr. Trenberth, and Dr. Shea in any way based upon Mann’s 1998 and 
1999 studies? 

Dr. North. No, no. 

Mr. Waxman. Drs. Mears and Wentz published an article in 
Science magazine in August 2005 that resolves a longstanding conflict in 
the global warming debate. For years global warming naysayers, based 
on the work of Dr. John Christy at the University of Alabama, have 
argued that satellite data showed that the Earth’s atmosphere was 
warming far slower than the Earth’s surface. These scientists reanalyzed 
the raw satellite data and found that the lower atmosphere is actually 
warming slightly faster than the surface in agreement with the theory and 
models. These scientists found that the previous analysis of the satellite 
data had inaccurately corrected for changes in the satellite’s 
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measurement time resulting from the decay of their orbit. Dr. Christy 
has now acknowledged his mistake and has adjusted his data series, 
making it much more consistent with other results. Dr. North, is the 
Mears and Wentz study in any way based on Mann’s 1998 and 1999 
studies? 

Dr. North. Absolutely not. Dr. Christy was actually on our 
committee, by the way. 

Mr. Waxman. He was on— 

Dr. North. He was on the NAS committee. 

Mr. Waxman. Finally, if we were to— 

Dr. North. If I may just add one thing. You know, just because a 
paper is published, it goes out for the community. People— the wolves 
attack, and this particular study by Spencer and Christy took many years 
before the error was finally found. It doesn’t mean these guys are 
villains. It is just that— 

Mr. Waxman. If you knew that Dr. Mears— 

Dr. North, —they did their best. It took years to find that mistake. 

Mr. Waxman. If you knew that those two scientists were friends 
with— 

Mr. Whitfield. Would the gentleman excuse me one minute? Did 
you say it took many years before the error was discovered? 

Dr. North. Before the error in the Spencer-Christy study using 
satellite data was found. It was a good-faith effort on their part but it 
turned out to be wrong. 

Mr. Waxman. If you knew that these gentlemen were friends with 
Dr. Mann, would that make you suspect their work? 

Dr. North. I have no idea whether they know him. 

Mr. Waxman. Finally, if we were to sweep away the Mann studies 
and forget that they existed, would that in any way erode the validity of 
any of the studies I just mentioned? 

Dr. North. I do not think it would. 

Mr. Waxman. Would there still be— 

Dr. North. We wouldn’t— 

Mr. Waxman. Would there still be a scientific consensus that 
global warming is happening, it is being caused by humans and that 
some people think it is time to act now? 

Dr. North. Yes, I think there would be. 

Mr. Waxman. And Dr. North, my point in asking you about these 
other studies is simply to illustrate how wrong it would be for anyone to 
draw sweeping conclusions from a statistical criticism of one or two 
studies from 8 years ago. Unfortunately, the Republican majority on this 
committee has been completely content to sit back and ignore global 
warming. They ignored it while President Bush frayed our relationships 
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with our international allies over global warming. They ignored it while 
the committee crafted an energy policy that exacerbates global warming 
and they continue to ignore it as evidence piles up about the severity of 
the situation. Instead, we spend our time attacking climate researchers 
who have infuriated the oil lobby by contributing to our knowledge of 
this issue, and apparently that is the one thing that the Majority simply 
cannot ignore. My time is just about expired, and we have a vote on the 
House floor. I thank the witnesses for their testimony and Dr. North for 
responding to my questions. 

Mr. Whitfield. Mr. Chairman, we have 8 minutes to vote on the 
floor. Would you like to start your questions and come— 

Chairman Barton. I would recommend that we recess and let us 
go vote, give our witnesses a chance to have a personal convenience 
break and then come back. 

Mr. Whitfield. We have two votes on the floor. The first vote will 
be over in about 10 minutes and then we will have another one, so we 
will reconvene at about 12:15. 

[Recess.] 

Mr. Whitfield. At this time I recognize the Chairman for his 10 
minutes of questions. 

Chairman Barton. Thank you, Mr. Chairman. I appreciate the 
courtesy and I appreciate our witnesses here today. My first question is a 
personal question to you. Dr. Wegman, and it is not normally one that I 
would even think about asking but there has been some attempt to 
portray you as a pawn of this committee or me personally. I am told that 
you voted for Vice President Gore for president in the year 2000. Is that 
correct? 

Dr. Wegman. That is correct. 

Chairman Barton. So you are by no means a radical, wild-eyed, 
hard core, right wing Republican? 

Dr. Wegman. No, sir. 

Chairman Barton. Okay. How often, if ever, have you been in 
Texas? 

Dr. Wegman. I was in Texas in hill country a few weeks ago but I 
have been to Houston a few times, interacting in my social network with 
David Scott. 

Chairman Barton. But you are not— you and I until this morning 
have had no phone calls, no e-mails, no- 

DR. Wegman. I didn’t even know what you looked like until— 

Chairman Barton. Which is a blessing for you, right? 

Dr. Wegman. No, sir. 

Chairman Barton. All right. Now, let me ask you. Dr. North, 
obviously you and I went to— I attended the school where you have been 
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an illustrious professor for a number of years and I asked you during the 
break if you and I had met and you said that we had met on an airplane 
once. 

Dr. North. We had a 2-minute— a 30-second conversation. 

Chairman Barton. So you and I have had some personal 
interaction, but that is it. Again, there is no real association in terms of 
continuing basis or anything. When Mr. Waxman was here, he was 
asking some questions of you. Dr. North, about headlines that had 
occurred and papers that had been issued that state the possibility or the 
probability that global warming is real and it is caused by humans, and it 
is your personal opinion that global warming is real and that a large part 
of the reason it is real is because of human emissions of greenhouse 
gases. That is a fair statement of yours? You need to push that button, 
put your microphone on. Let the record show that he said yes. But we 
have some headlines here that have been purported to be because of 
global warming. Dr. North, one of them is that more frogs are dying as 
the planet warms. Are you aware of that? 

Dr. North. I have heard of it. 

Chairman Barton. You have heard of that. How about because 
of global warming, irrigation fuels warmer temperatures in California’s 
central valley, are you aware of that? 

Dr. North. I have not heard of that one. 

Chairman Barton. Okay. How about the irony of global 
warming, more rain, less water? 

Dr. North. I am familiar with that idea. I don’t know if I have 
seen that headline. 

Chairman Barton. Global warming could sour the wine industry? 

Dr. North. Idon’t- 

Chairman Barton. Poison ivy grows faster, bigger, more 
irritating? 

Dr. North. No, Idon’t- 

Chairman Barton. Global warming weakens trade winds. Global 
warming’s next casualty, igloo. Global warming could overwhelm storm 
drains. Strange things happening to Pacific coast marine life. Global 
warming might create lopsided planet. Global warming makes seas less 
salty. Space ring could shade Earth and stop global warming. My point 
is, a lot of people are jumping on the global warming bandwagon and 
there is no question it is serious, there is no question that eminent people 
like yourself believe the causality of human emissions. I don’t have a 
problem with that. I mean, you pointed out in your testimony what 
science is supposed to be about. My problem is that everybody seems to 
think that it is automatically a given and that we shouldn’t even debate 
the possibility of it and we probably shouldn’t debate the causes of it. 
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and I think that is wrong. That is one of the reasons that we are holding 
this hearing. 

I want to put up the digitized temperature curve number 2 that Dr. 
Wegman was referring to. We determined that you couldn’t prove the 
hockey stick by using the data points, Dr. Wegman concluded that, and 
so Mr. Waxman said well, that is okay but there are other studies and one 
of them is the study of a methodology that was not using the 
methodology that Dr. Mann used, and that is— it is kind of an S curve 
and— that is not? 

Dr. North. Figure number 2 is the one that— 

Chairman Barton. That one right there. Now, in that curve there. 
Dr. North, the highest point looks to me to be about the year 1300. 
Would you agree with that? 

Dr. North. Well, that is what it shows on that graphic. 

Chairman Barton. Okay. But it is definitely higher than the 
1900s. 

Dr. North. Higher than— I think that curve goes up to the middle of 
the 20^^ Century although I am not sure. 

Chairman Barton. But it is obvious— I am not saying that is the 
truth, okay, but I am saying, if that is a justification for global warming 
in that particular study, which I believe is purported to be a Crowley 
study, that is using average temperatures, that that particular graph shows 
the warmest period was somewhere between 1100 and 1400. Is that 
correct? 

Dr. North. Well, that is what the curve shows. I cannot tell you 
where that one actually came from. We used a graphic like that in our 
report just to give some perspective about how people thought the curve 
looked 15 year ago, 16 years ago, so we used a graphic like that. I 
believe you have replotted it here. 

Chairman Barton. Now- 

Dr. Wegman. Let me be precise. This is a curve from the IPCC 
1990 report. 

Dr. North. Sixteen years ago. 

Chairman Barton. Okay. And let us go to the study-there is a 
comparison in Dr. Wegman’ s testimony of the Mann report and I believe 
this curve. There are two— keep going. There are two documents— yes- 
no, not that one. 

Dr. North. Number 4 and 5, 1 think. 

Chairman Barton. Well, my question is, something happened 
between the chart that we up here that showed the early 1300s being the 
warmest period and Dr. Mann’s study that obviously shows the 20^^ 
Century, and my question is, what changed in the modeling or the 
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methodology or the data set? Because Dr. Mann wipes out that early 
warming period. It is just not there. 

Dr. North. Is that for me? 

Chairman Barton. It could be for either one of you. 

Dr. North. Well, there is more data available 10 years later than 
there was in that first report. In fact, I have a feeling that that first report- 
-I hope you will ask Crowley that later because I think he will know 
more about it than— 

Chairman Barton. Well, is it now the consensus of the majority 
of the scientific community that this early warming period just didn’t 
exist? 

Dr. North. No, I think that there is good evidence that such a 
medieval warm period did exist, however, it may not have existed at the 
same time at different locations on the Earth, and I could give you some 
information about that. For example, if you look in Greenland, there was 
a very distinct warming period in that time around— between 1000 and 
1200. In fact, there were colonies of people who lived there from 
Denmark and their civilization disappeared there. They went back to 
Denmark or died out, I am not sure which. 

Chairman Barton. But I mean, it is striking- 

Dr. North. So there is evidence, historical and so on, that— 

Chairman Barton. It is on page 15 of your report, and I have the 
prepublication copy. You have the figure 03 at the top and then you 
have the figure 04 at the bottom. Oh three is a schematic description of 
global warming that is the IPCC report of 1990 and then the 04 figure is 
the Mann graph, and it is just striking to me that there is no correlation 
between the two, or very little. 

Dr. North. Oh, actually, if you look at the gray area in the Mann 
graph, that is the area where the curve could fall with some reasonable 
probability. That is their error margin. 

Chairman Barton. Let me ask you- 

Dr. North. If you look at the family of our curves that I showed in 
our graphic, the family of curves that were derived by using several 
different methods and different sources, you find that that family of 
curves really does fall pretty close to where the gray is here, especially if 
you put margins of error on each of those comparable to these. 

Chairman Barton. Let me ask you- 

Dr. North. And we would dispute how accurately Mann and 
company did that. 

Chairman Barton. I understand that. 

Dr. North. That is another matter. 
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Chairman Barton. I understand that. It looks like my time is 
expired, so I want to ask one more question. Dr. North, do you dispute 
the conclusions or the methodology of Dr. Wegman’s report? 

Dr. North. No, we don’t. We don’t disagree with their criticism. 
In fact, pretty much the same thing is said in our report. But again, just 
because the claims are made, doesn’t mean they are false. 

Chairman Barton. I understand that you can have the right 
conclusion and that it not be— 

Dr. North. It happens all the time in science. 

Chairman Barton. Yes, and not be substantiated by what you 
purport to be the facts but have we established— we know that Dr. 
Wegman has said that Dr. Mann’s methodology is incorrect. Do you 
agree with that? I mean, it doesn’t mean Dr. Mann’s conclusions are 
wrong, but we can stipulate now that we have— and if you want to ask 
your statistician expert from North Carolina that Dr. Mann’s 
methodology cannot be documented and cannot be verified by 
independent review. 

Dr. North. Do you mind if he speaks? 

Chairman Barton. Yes, if he would like to come to the 
microphone. 

Mr. Bloomfield. Thank you. Yes, Peter Bloomfield. Our 
committee reviewed the methodology used by Dr. Mann and his 
coworkers and we felt that some of the choices they made were 
inappropriate. We had much the same misgivings about his work that 
was documented at much greater length by Dr. Wegman. 

Mr. Whitfield. If I may interrupt just one minute. We didn’t 
swear you in so I want you to swear now that the testimony you gave 
was the truth. 

[Witness sworn] 

Mr. Whitfield. Thank you. 

Chairman Barton. I would like to submit for our record an e-mail 
that was received, and I would be more than willing to share it with the 
Minority if they have not seen it before. They have it? It is an e-mail 
from Yasmin Said to Peter Spencer and it says, “To whom it may 
concern: I have read the reports of Chairman Barton and Chairman 
Whitfield entitled “ad hoc committee report on the hockey stick global 
climate reconstruction by Edward J. Wegman, David Scott, and Yasmin 
H. Said” and what follows this work of Wegman, Scott, and Said is 
simply referred to as Report. The assessment of previous results given in 
the Report is correct. The Report is entirely correct in stating that the 
most rudimentary additive model, the model of a simple temperature 
signal with superimposed noise, is not adequate to describe the complex 
relationships involved in climate dynamics. There is no physical process 
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found in nature that does not involve feedback in one form or another to 
regulate the action of the system. The statistical methods and models 
described in the report use more variables and make possible the 
construction of more elaborate reconstructions that allow feedback and 
interactions. The report represents the correct way to proceed. It is 
especially important to bring the professional statistical community into 
the picture in order to assure that a sound analytical foundation is secured 
in the continuing development of this program. Sincerely, Enders A. 
Robinson, member of the National Academy of the USA, fellow of the 
European Academy of Scientists, professor emeritus and the Maurice 
Ewing and J. Lamar Rozelle, Chair, Department of Earth and 
Environment, Columbia University.” And I yield back. 

Mr. Whitfield. Thank you. At this time I recognize Mr. Inslee. 

Mr. Stupak. Wait a minute. Did we accept this e-mail that was 
read into the record, or what? 

Mr. Whitfield. Well, he asked for unanimous consent if you all- 
do you have an objection to it? 

Mr. Stupak. Well, let us object for now. We will ask some 
questions of it later. 

Mr. Whitfield. They object to it being entered until they clarify a 
few things with that. 

Chairman Barton. But they had the document. I don’t want them 
to accept it if they have not seen it. I was told that they had seen it. 

Mr. Whitfield. We were told that you all had it last night but is 
that not— 

Chairman Barton. But certainly we don’t want to put anything in 
that hadn’t been cleared. Mr. Chairman, they have every right to object 
if they haven’t seen it. 

Mr. Whitfield. Well, while they are discussing it, Mr. Inslee, why 
don’t you proceed with your questions. 

Mr. Inslee. Thank you. Dr. Wegman, can you cite to us the first 
three laws of thermodynamics? 

Dr. Wegman. Probably not. 

Mr. Inslee. And you shouldn’t be ashamed of that because you are 
a statistician, not a physicist. 

Dr. Wegman. That is correct. 

Mr. Inslee. But it is important for us to talk about that in the 
context of some things I want to ask you. Because I believe reviewing 
the literature, and I spent some time doing this, it is beyond any 
reasonable doubt that there is a strong worldwide scientific consensus 
that human activities are putting carbon dioxide and other global 
warming pollutants in the air in a way that is changing our climate in 
fundamental ways. I want to ask you some questions about your 
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testimony here today. I want to refer you to a chart that is up on the 
screen to your left, and it shows concentrations of carbon dioxide in the 
Earth’s atmosphere going back 160,000 years and basically what it 
shows is that the concentrations now which are in the lower right-hand 
circle are higher than they have been in any time in the last 160,000 
years. They also show that those concentrations of carbon dioxide will 
go up approximately doubling in the next century by the year 2100 
unless this Congress pulls its head out of the sand and does something 
about it. Now, the question I want to ask you, these carbon dioxide 
samples are beyond dispute because of direct physical measurement of 
old air trapped in glaciers and that they are not subject to any scientific 
doubt whatsoever. Neither as far as I know is there any question but that 
the carbon dioxide levels will significantly increase in the order of 
doubling of pre-industrial times in the next century if we do not act. So 
the question I ask you, is anything in your criticism of the Mann report in 
any way suggests that those conclusions I just stated to you that are 
reflected on this graph regarding carbon dioxide levels are faulty? 

Dr. Wegman. No, I don’t believe they are. 

Mr. Inslee. So if you accept the first three laws of thermodynamics 
and basic chemistry and our ability to judge CO2 levels and if you accept 
the premise that carbon dioxide in the atmosphere has the capacity of 
essentially trapping heat in the energy system of the Earth— by the way, 
do you accept that proposition? 

Dr. Wegman. I don’t know about the second proposition. I do not 
know the mechanisms for trapping heat. 

Mr. Inseee. Well, I will just tell you, the mechanisms of carbon 
dioxide essentially traps heat in infrared range of a frequency. Light 
comes in an ultraviolet range, it bounces back in an— not really bounces 
back but emitted in an infrared range and carbon dioxide traps it. It traps 
it like a blanket, as a crude metaphor. Now, what we know beyond a 
shadow of a doubt is that carbon dioxide in the next century is going to 
be at levels double any time in the last 160,000 years and double what it 
was in pre-industrial times. Now, does your criticism of Dr. Mann’s 
research in any way suggest that it would not be a good idea to reduce 
our carbon dioxide loading into the atmosphere? 

Dr. Wegman. My expertise does not extend to global warming and 
I have no position on this. 

Mr. Inseee. Well, I think that is important for you to say that 
because what we are finding here is that there is this enormous 
worldwide consensus. I look at the joint academy statement— this is a 
joint academy statement of every science academy in the industrialized 
world and every single one of them state that it is a consensus that human 
activity is causing changes to the climate. I will just read directly. “It is 
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likely that most of the warming in recent decades can be attributed to 
human activities. This warming has already led to changes in the Earth’s 
climate.” It is signed by Canada, Germany, France, Italy, Japan, United 
Kingdom, Russia, China, Brazil, and the National Academy of Sciences 
under the administration of George Bush. Now, I guess the question to 
you is, do you have any reason to believe all those academies should 
change their conclusion because of your criticism of one report? 

Dr. Wegman. Of course not. 

Mr. INSLEE. Why not? 

Dr. Wegman. Because my report was very specific on a very 
specific issue that was asked of me and we answered that very specific 
question. 

Mr. Inseee. Well, let me suggest another reason. The reason you 
don’t suggest these academies are wrong is because they have a 
mountain of evidence from ice core data, through glacier data, to ocean 
acidification, to radar data, to surface and deep ocean temperature data 
that indicate that this world is changing because we are putting too much 
carbon dioxide in it. Isn’t that right? That is why you are not suggesting 
they change their report. 

Dr. Wegman. Well, there is the old statistical process that says 
association does not mean causation. 

Mr. Inseee. Well, there is another statistical by Mark Twain is that 
there are three kinds of lies: lies, damn lies, and statistics, but I won’t 
bring that one up. I want to ask— 

Dr. Wegman. Of course, he is not a statistician either. 

Mr. Inseee. Dr. North, I want to quote— in your testimony you said, 
“However, our reservations with some aspects of the original papers by 
Mann et al. should not be construed as evidence that our committee does 
not believe that the climate is warming and will continue to warm as a 
result of human activities.” You go on to say, “The scientific consensus 
regarding human-induced global warming would not be substantively 
altered if for example the global mean surface temperature 1,000 years 
ago was found to be was warm as it is today.” Now, in listening to your 
testimony, what I take from this is that even if we were to conclude that 
Dr. Mann had never been bom, the study had never been done, conclude 
even if there was a medieval warming period that approximated 
temperatures today, even if we were to accept that as a verity, even if we 
knew that today, what I am hearing your testimony tell us is that there is 
enough evidence of other methods and other dynamics at work in the 
climate today that we can with a reasonable degree of assurance 
conclude that humans are responsible for at least a portion of the changes 
in temperatures. Is that a fair statement? 
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Dr. North. Well, let me separate myself from the report now. I 
believe that is true but we didn’t address that issue in the report. 

Mr. Inslee. And could you at least in summary fashion tell us 
about the other evidence that leads to your conclusion other than Dr. 
Mann’s? 

Dr. North. Well, let me mention a few things that my colleague on 
the committee, Kurt Cuffey from the University of Califomia-Berkeley 
sent. So this is a little about the medieval warm period. It takes a couple 
minutes so I apologize for that. So Greenland shows a clear signal of 
both medieval warmth and 20^^ Century warming. These are recorded 
unambiguously in isotopes and boreholes, nothing to do with this 
extrapolation method. The medieval was warmer than the 20^^ Century 
up to about 1990, but you know it has warmed quite a bit in the last 15 
years, so another piece of evidence is Ellesmere Island. This is in the 
Canadian Arctic and there is an icecap there. It also shows evidence of a 
medieval warm period and 20^^ Century warming and the isotopes and 
melt records. The melt in particular shows summertime warmth in the 
20^^ Century was greater than the medieval warm period, so there is that 
one. The composite of all available low latitude— this is Tibet and the 
Andes and there is things in Africa, Kilimanjaro. Ice core, isotope 
records show the 20^^ Century climate is truly anomalous on the time 
scale of 2,000 years. This is an objective quantitative measure of climate 
arising from physical processes. We cannot, however, separate a pure 
temperature signal from it because these glaciers are influenced by both 
moisture availability and temperature because hydrology is important 
too. All we can say is that the sum of the climate processes determining 
the isotope records have reached an anomalous state. One more— two 
more. Melt at the summit of Quelccaya— this is a big icecap in the 
Andes, the largest Andean icecap— was strong enough in the late 20^^ 
Century to destroy annual layering of isotopes which did not happen 
during the medieval period. Now, the tropics are a very interesting place 
to look at climate. They are probably a little more representative of the 
global average, not as much natural variability in the tropics. So we had 
melting recently in the Quelccaya glacier but it didn’t happen in the 
medieval warm period. 

Mr. Inseee. Doctor, I want to ask one quick question. My time is 
almost up. 

Dr. North. I am sorry. 

Mr. Inseee. Put the slide up on the acidification, Tracy, that one 
right there if I can. Doctor, I made reference to acidification that is 
taking place in our oceans as a result of carbon dioxide going into the 
atmosphere, then going into solution in the oceans. Could you briefly 
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summarize that dynamic and what the state of our knowledge is about 
that? 

Dr. North. I am not an expert on this. I have seen the report and 
the essence is that as we increase carbon dioxide in the atmosphere, the 
carbon dioxide of course dissolves in seawater just as it does in Pepsi- 
Cola, so the greater the partial pressure of carbon dioxide in the 
atmosphere, the more that will be dissolved in the ocean and then you 
wind up with— by combining with other things, you wind up with a more 
acidic ocean so the pH of the ocean goes down, becomes more acidic. 
This attacks the corals and other things. So there could be something 
going on with aquatic life. Again, we are really pretty far away from— 

Mr. Inslee. And is that independent of temperature issues? 

Dr. North. That is independent of temperature. 

Mr. Inslee. So even if temperature doesn’t go up, this dynamic can 
acidify the ocean? 

Dr. North. That has been happening and I presume will continue 
to happen. 

Mr. Inslee. Thank you. Well, we would like to change that 
actually. Some of us have ideas about that. 

Dr. North. That is not my job. 

Mr. Whitfield. Mrs. Blackburn, you are recognized for 10 
minutes. 

Mrs. Blackburn. Thank you, Mr. Chairman, and thank you all for 
your patience as we work through our votes today. Dr. Wegman, I have 
got three quick questions for you and Dr. North, I have got, I think one 
probably for you and I am going to try to finish so everyone gets their 
questions in before the next vote. But Dr. Wegman, you said in your 
testimony that Dr. Mann’s data is very obscure, incomplete, and 
disorganized, and I wanted you to expand on that and give us an example 
of how that data should have been presented, if you have something 
tangible. 

Dr. Wegman. Well, I had two things in mind. First of all, when I 
read the paper originally, it took me probably 10 times to read it to really 
understand what he was trying to say. He uses phrases that are not 
standard in the literature I am familiar with. He uses, for example, the 
phrase “statistical skill” and I floated that phrase by a lot of my statistical 
colleagues and nobody had ever heard of that phrase, statistical skill. He 
uses measures of quality of fit that are not focused on the kind of things 
typically we do. We went to his website to try and figure out where his 
data was. He has a website at the University of Virginia. We basically 
downloaded everything that was in his FTP website to try and gather 
together— try and understand what was going on. The materials tended to 
be very cryptic. When we looked at the Fortran code that he wrote, it 
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was very difficult to understand how you could, in the Fortran code you 
read in the data, but it was unclear where the data was and how you 
could actually read it in and the coding of the data, so all those things 
tended to make it very difficult to try and replicate anything that he did. 
Ultimately, I believe it was in 2004, he published a corrigendum and it 
showed that some of the data that he used in the 1998 paper was not 
referenced in the 1998 paper and other material that he did reference in 
the 1998 paper was not actually used. So there was a lack of clarity in 
both the archived data as well as the writing of the appear itself that I 
found difficult to decipher. 

Chairman Barton. Will the gentlelady yield just for— 

Mrs. Blackburn. I will yield. 

Chairman Barton. When you said his data was in Fortran code, 
what is Fortran code? 

Dr. Wegman. Fortran is a computer programming language that 
was invented in 1957. 

Chairman Barton. And when was the last time anybody else than 
Dr. Mann used that code? 

Dr. Wegman. Well, I suspect- 

Chairman Barton. I knew it at Texas A&M in the 1960s and I 
had not heard the term and I wanted to make sure we were talking the 
same— 

Dr. Wegman. Well, certainly programming languages have 
evolved dramatically over the years. Most of my colleagues use a 
software package called RS Plus. Many people use Mat Lab these days. 

Chairman Barton. The Fortran code is not something that would 
be normally used today by too many people? 

Dr. Wegman. I would think in certain circles it might be but it is 
reflective of the notion that there aren’t— 

Dr. North. Most climate models do use Fortran code. 

Chairman Barton. Oh, they do? 

Dr. North. Yes. 

Chairman Barton. So that is standard? 

Dr. North. It is standard in mathematical solution of these kinds of 
problems, not statistics. He is right about that. So Mat Lab is coming on 
but Fortran is very commonly used in large climate model work. 

Chairman Barton. Well, then I should be able to do some of this 
because I can code in Fortran. I yield back. 

Mrs. Blackburn. Dr. Wegman, I still want to come to you. So 
what you are saying is that he— I want to go back to one thing on the data 
that he chose to input on the website, he was selective in the nature of 
what he chose to put in there and I guess that is much like what we saw 
with the calibration issue over the years that he used in that— 



81 


Dr. Wegman. There were a large number of proxies that were used 
in the 1998 and 1999 papers. As a matter of fact, it probably wasn’t very 
selective. He essentially threw everything including the kitchen sink into 
this data set. 

Mrs. Blackburn. I want to ask you a question that Dr. Crowley 
makes a statement in his testimony that was submitted to us, that the data 
is reused. Dr. Mann’s data is reused because it is the best data. But you 
say that other papers cannot claim to be independent verification if they 
reuse the same data. So I would like for you to speak to that and kind of 
reconcile the differing views. 

Dr. Wegman. Well, in one of our plots we had a plot that showed 
the data that was being used as the proxies versus the 11 or 12 papers 
that had been published since 1998 and the striking thing is, I think, that 
essentially there are two methodologies that we talked about, the CPS 
methodology and the CFR methodology, and my contention is that if you 
use the same data and the same basic methodology, you can— 

Mrs. Blackburn. Then following on with that, if you were to 
structure an external statistical review for climate papers that would 
guarantee to be an independent verification of methods used, how would 
you structure this? 

Dr. Wegman. Well, I think there are a couple of approaches. One 
of the analogies I kind of liked was that the folks that do the hockey stick 
kind of thing call themselves— I think they call themselves the hockey 
team and when games are being played, you also need referees, so I think 
it would be a good idea to have referees for the hockey games. My own 
feeling is that it would be useful as we said in one of our 
recommendations that there be an external review and that it be funded 
as part of this kind of activity. If you have significant statistical 
methodology being used in a scientific study, then you really ought to 
have statistical review as well as the peer paleoclimate review. I think 
this extends beyond just paleoclimate stuff. It is true, for example, in 
biostatistics, biological science, medical science, that there is typically a 
heavy involvement with statistical review. I think in terms of things like 
sociology, psychology, there is heavy involvement with statisticians in 
this kind of framework. It appears to me that in the physical sciences, 
the same mental set is not typically done. 

Mrs. Blackburn. Thank you. Dr. North, I have got a couple of 
quick questions on surface records and satellite measurements that I want 
to give to you but I have only got a minute and a half left and I think I 
will submit these to you and then ask for your response, and Mr. 
Chairman, I will yield back so somebody else can get their questions on 
the record before we go for another vote. 
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Mr. Whitfield. Thank you, Mrs. Blackburn. At this time I 
recognize Mr. Stupak. 

Mr. Stupak. Thank you, Mr. Chairman. Dr. Wegman, in your 
report you criticized Dr. Mann for not obtaining any feedback or review 
from mainstream statisticians. In compiling your report, did you obtain 
any feedback or review from paleoclimatologists? 

Dr. Wegman. No, of course not, but we weren’t addressing 
paleoclimate issues. We were addressing— 

Mr. Stupak. But you said you had difficulty understanding some of 
the terms of art that Dr. Mann used and you had to call your social 
network to figure it out so wouldn’t it have been helpful to have 
paleoclimatologists? 

Dr. Wegman. To say that I didn’t contact any climate people is not 
entirely accurate. We have— 

Mr. Stupak. But they weren’t used in compiling your report— that 
was the question— correct? 

Dr. Wegman. Well, I am not sure how to answer that. I certainly— 

Mr. Stupak. Well, yes or no is probably the best way. Did you 
have any paleoclimatologists when you compiled your report? 

Dr. Wegman. Not on our team, but that doesn’t mean I didn’t talk 
to any. 

Mr. Stupak. Did anyone outside your social network peer review 
your report? 

Dr. Wegman. Yes. 

Mr. Stupak. Who was that? 

Dr. Wegman. Well, Enders Robinson. 

Mr. Stupak. Is that the e-mail we were talking about earlier? 

Dr. Wegman. Pardon? 

Mr. Stupak. Is that the e-mail that was— 

Dr. Wegman. Yes. So- 

Mr. Stupak. When you do peer review— 

Dr. Wegman. Let me answer the question. Enders Robinson, 
Grace Waba, who is a member of the National Academy, Noel Cressy, 
who is at the Ohio State University, Bill Wasorik, who is at Buffalo State 
SUNY, David Banks, who is at Duke University, Rich Schareen is the 
immediate past president of the American Statistical— 

Mr. Stupak. Let me ask you this question. If you had a peer 
review, when are peer reviews usually done? Before a report is finalized 
or after? 

Dr. Wegman. We had submitted this and had feedback from— 

Mr. Stupak. No, no, I am talking about general peer review. If you 
are going to have a peer review, don’t you usually do it before you 
finalize your report? 
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Dr. Wegman. Yes. 

Mr. Stupak. Well, your peer review was after you finalized it? 

Dr. Wegman. No, it was before. We submitted this long before. 

Mr. Stupak. Well, when was your report finalized? 

Dr. Wegman. I think we dated the final copy about 4 days ago. 

Mr. Stupak. Four days ago, so that would be about July 15. This 
e-mail sort of indicates it is July 17 that you asked for this peer review. 

Dr. Wegman. I had feedback from Enders much earlier than that. 
We had asked him to send material to us for purposes of coming here. 

Mr. Stupak. Well, the e-mail read into the record is Tuesday, July 
18, so that would be 3 days after you finalized your report. 

Dr. Wegman. I am sorry. We- 

Mr. Stupak. Have you seen this e-mail, the one that— 

Dr. Wegman. Yes, of course I have. Dr. Robinson saw our 
material before the 18^^, before the 17^^, before the 16^^. He gave us 
feedback. We incorporated that. He gave us feedback verbally. We 
incorporated that because there was some interest in getting this report to 
the committee. 

Chairman Barton. Would my friend from Michigan yield for one 
simple question on this same point? 

Mr. Stupak. Sure. 

Chairman Barton. Dr. Wegman, do you object to Mr. Stupak or 
anybody in the Minority submitting your report for a peer review as long 
as the peers are qualified in statistical analysis? 

Dr. Wegman. Not at all. 

Chairman Barton. Thank you. 

Mr. Stupak. In doing peer reviews, do scientists who do the report, 
do they usually submit to people they want to do the peer review? Isn’t 
that sort of an independent review? 

Dr. Wegman. This is basically the same mechanism that was used 
at the National Academy. The national— you know, this is not a— 

Mr. Stupak. Did you ask these people to do your peer review? 

Dr. Wegman. Yes. 

Mr. Stupak. So would they be part of your social network? 

Dr. Wegman. No. When I talk about social network, I am talking 
about people with whom I have actively collaborated in writing research 
papers. 

Mr. Stupak. It sounds- 

Dr. Wegman. None of these people have actively collaborated with 
me in writing research papers. 

Mr. Stupak. Isn’t the same kind of social network you criticized 
Dr. Mann on because the people that reviewed his were 
paleoclimatologists? 
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Dr. Wegman. Were the people that had actually worked with and 
published papers with. 

Mr. Stupak. And you have published papers with some of these 
people that peer reviewed your report? 

Dr. Wegman. No. I just told you no, I haven’t. 

Mr. Stupak. Let me ask you this. Page 34 of your report, I think 
you have it in front of you, your 52-page summary there, you have a 
figure that you say is a digitized version of the temperature profile in the 
IPCC assessment report of 1990. I take it you read the 1990 IPCC 
report? 

Dr. Wegman. I am sorry. What page was it? 

Mr. Stupak. Page 34 of your report. It is figure 4-5. It is this one 
right here. We have had some— it has been referred to as figure 2 on the 
screen a couple times today. 

Dr. Wegman. No, I have not been able to obtain a copy of the 1990 
report. 

Mr. Stupak. Well, then you must have at least discussed this 
temperature profile. 

Dr. Wegman. The temperature profile that was published in 1990 I 
believe was related to the European temperatures and was a cartoon— 
essentially a cartoon. The point of our discussion here was not that we 
were trying to say that this was what happened in 1990. The point of our 
discussion was that you could reproduce this shape from the CPF, CFP 
and the climate plus— whatever— CPS methodology so we are not 
endorsing that this was the temperature that was thought of in 1990. We 
are simply using this as an example. 

Mr. Stupak. Were you endorsing 1300 as being a real high 
temperature time? Were you endorsing it in your report? 

Dr. Wegman. No, we have not said that. 

Mr. Stupak. What was the 1990 IPCC temperature profile based 
on? Basically what was this based on? You are a statistician. 

Dr. Wegman. This- 

Mr. Stupak. Was this based on data? 

Dr. Wegman. As I just said moments ago, this was a cartoon I 
believe that was supposed to be representing a consensus opinion of what 
global temperature was like in 1990 as published by the IPCC. 

Mr. Stupak. Well, is this cartoon then— again, I am on page 34, I 
am reading now from your report, discussion you have underneath this 
cartoon. Last line: “The 1990 report was not predicated on global 
warming scenario. It is clear at least in 1990 the medieval warm period 
was thought to have temperatures considerably warmer than the present 
era.” Is that your discussion? 

Dr. Wegman. Yes. 
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Mr. Stupak. So we should not believe that statement then? 

Dr. Wegman. No, I said— I didn’t say I believed it was. I said they 
believed it was. The IPCC gave that report in 1990. 

Mr. Stupak. All right. This chart— 

Dr. Wegman. Ididn’t- 

Mr. Stupak. This is in your executive summary, right, page 34, and 
what I read was correct? 

Dr. Wegman. Yes. 

Mr. Stupak. Okay. Let me ask you this question. Have you 
reviewed any of Mr. Mann’s later refinements of his 1999 report? 

Dr. Wegman. I have reviewed some level of detail, not in intense 
level of detail, the continuing papers, most of which are referenced— in 
fact, the ones that are referenced— 

Mr. Stupak. Did he refine his data and his methodology? 

Dr. Wegman. My take on the situation is that rather than accept the 
criticism that was leveled, he rallied the wagons around and tried to 
defend this incorrect methodology. 

Mr. Stupak. But did he refine his methods in later studies that he 
conducted, not whether he rallied the troops? Did he refine his methods? 
Was his job more accurate as he went on with later reports? 

Dr. Wegman. I believe that he does not acknowledge his 
fundamental mistake and that he has developed additional papers with 
himself and his colleagues that try and defend the original hockey stick 
shape. 

Mr. Stupak. Do you know that or are you just guessing? 

Dr. Wegman. I am guessing that. 

Mr. Stupak. Okay. Statisticians, should they guess or should they 
have facts to— 

Dr. Wegman. That is called statistical estimation, yes. 

Mr. Stupak. I see. Or a cartoon. 

Dr. Wegman. The cartoon is IPCC’s cartoon, not mine. 

Mr. Stupak. You relied upon it though in your executive summary. 
So I am looking at the cartoon. There is no data, is there, to say that 
around 1300 it warmer than it is in the latter half of— 

Dr. Wegman. I think that is an inaccurate statement. I think there 
is data. I think the data— 

Mr. Stupak. Do you have any of it? Can you show us where any 
of that is? 

Dr. Wegman. No, I don’t have it. I take no responsibility for what 
IPCC did in 1990. There is no way I could do that. Their data is not 
available to me. In fact, the reason it was digitized was that I had to go 
back and construct it from their picture. That doesn’t mean no data exist. 
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And in fact, as far as I know, it was based on European and Asian 
temperature profiles that were available in the 1990s. 

Mr. Stupak. Sure, and in that, it was thought— it was still not clear 
that all the fluctuations indicated were truly global. In fact, I think some 
of the testimony earlier said that parts of western Europe, China, Japan, 
and eastern U.S.A. were a few degrees warmer in July than other parts of 
the world. Parts of Australia, Chile, and I think Greenland were actually 
cooler, they said, and China was actually colder than at any other time. 

Dr. Wegman. Yes, I don’t dispute that. 

Mr. Whitfield. The gentleman’s time has expired. I recognize Mr. 
Bass. 

Mr. Bass. And I thank the gentleman for recognizing me. Before I 
start my questions, I just want to mention that there is a considerable 
amount of climate change work going underway in New Hampshire, my 
home state of New Hampshire, the Cold Research Laboratory which is 
run by the Army Corps of Engineers. They are studying ice core samples 
from both the Arctic and the Antarctic icecaps and also at the University 
of New Hampshire. NOAA, National Oceanographic and Atmospheric 
Administration is conducting ongoing longitudinal studies on the North 
Atlantic, air, water temperatures. And thirdly, at Hubbard Brook which 
is another research lab, they are studying climate change effect on trees 
and plants and other organic matter. 

Chairman Barton. Could the gentleman yield while- 

Mr. Bass. Yes. Sure. 

Chairman Barton. Dr. North, Mr. Stupak just went to some 
lengths discussing this chart on page 34 of Dr. Wegman’ s report that is 
from the IPCC assessment report of 1990. Can you tell us what the 
IPCC assessment report of 1990 was? 

Dr. North. The IPCC is the Intergovernmental Panel on Climate 
Change. It is under the auspices of the United Nations and I don’t know 
the network all the way down to this group but this is a group that meets 
and is tasked to come up with a report every 5 years approximately. 

Chairman Barton. But in layman’s terms, could we say that the 
IPPC- 

Dr. North. No, IPCC. 

Chairman Barton. IPCC is the technical working group for the 
United Nations council of parties that ultimately drafted the Kyoto 
Accords? 

Dr. North. I don’t know if there is a connection. I just don’t know 
that. I am sorry. 

Chairman Barton. It is my understanding that the IPCC is the 
group that prepared all the analytical materials and forwarded them on— 
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Dr. North. They may have used their information. The IPCC, 
their job is to provide assessments, so Congress, political bodies go to 
them and ask for an assessment of the state of the art or the state of the 
science at the particular time as it is seen at that time. Of course, it 
changes so they came out again in 1995 and again in 2000 and there will 
soon be another one issued. 

Chairman Barton. But in 1990 when these scientists produced 
that report, this was their assessment of temperatures between the year 
1000 and the mid-1950s? 

Dr. North. That is what they thought at that time. 

Chairman Barton. It doesn’t mean they were right, it doesn’t 
mean that they haven’t changed their mind. 

Dr. North. Thatiswhy- 

Chairman Barton. But in 1990 the state of the art was, that is 
what— 

Dr. North. That is what they thought. 

Chairman Barton. That is what it was. I yield back. 

Mr. Bass. Thank you, Mr. Chairman. Dr. Karl is going to follow 
you in the second panel and I will read a sentence out of his testimony 
and ask you a question about it, the last page. “At the present time there 
is no formal process whereby federally funded scientists must submit 
their data to a long-term data archive facility for use by others. The 
submission of data to institutions like NOAA’s, national climatic data 
center, the world’s paleoclimatic data center, requires significant 
investment of time by the principal investigators who collected the data 
to provide the useful information about the proxy data to the receiving 
data center. In addition, if such data are submitted, a significant 
investment by the data center would need to be made to ensure that the 
data is usable by others in perpetuity and safeguards for future 
generations,” and then he goes on about discussions. Dr. North, do you 
think this is an appropriate priority, and if so, do you think it would 
require any legislative action? What are your observations about Dr. 
Karl? And I think Dr. Wegman made the same contention. How do you 
feel about it. Dr. North? 

Dr. North. Before I say anything, I should say that I know Dr. Karl 
and I have actually collaborated with him on some things, so that is a 
fact. I visited his laboratory, his center in Asheville, which is a very nice 
operation there. So I do think it is a good idea. I think it is something 
that the Government through a national laboratory like his should take 
on. I think this is too much for the little principal investigator out at your 
university or mine to deal with. So this is a way that data like this can be 
archived in a nice, clean environment. At Texas A&M, for example, we 
have the ocean drilling program and so we store these cores there that 
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have been dug and they are carefully archived and protected and so I 
think that different laboratories should be charged with that kind of duty 
instead of having every little Pi’s home base, so I do think it is a good 
idea. 

Chairman Barton. Would the gentleman yield on that? 

Mr. Bass. Certainly. 

Chairman Barton. I just think the record should show that when I 
was Congressman for Texas A&M, I helped get the money to establish 
that program and I am responsible for some of those core samples. 

Dr. North. And I work with some of those people— 

Chairman Barton. I want the record to show that. 

Mr. Bass. Reclaiming my time. I might suggest that this concept 
might be a starting point for some bipartisan cooperation legislatively if 
necessary to achieve this objective which would move the issue forward. 
Dr. Wegman, there has been some discussion about the network issues 
associated with paleoclimatologists. Is it substantially different than— 
you know, the incestuous nature of the relationships between the 
paleoclimatologists. Do you think that it is the same or is different from 
other academic subjects? 

Dr. Wegman. I don’t know all of the academic subjects. What is 
true, I believe, is that in less focused activities, there are probably more 
competing social networks which even the playing field a little bit more 
than it appears to be in the paleoclimatology area. As mentioned earlier, 
I think for one person to have 43 coauthors is an unusually large number 
of coauthors. I personally believe that I probably have maybe 15 people 
that I have worked with over the years. 

Mr. Bass. Fair enough. Would you take— is it appropriate to take 
into account in that analysis the size of the entire climatic science 
community or is paleoclimatology so specialized that you couldn’t? 

Dr. Wegman. Yes. I think one of the interesting things that we will 
probably hear later on is the notion that this paleoclimatology is really an 
interdisciplinary area so it involves dendrology, it involves people that 
work with trees, with ice cores and so on and so forth. So it is not totally 
insular in the sense that it doesn’t involve people from other parts of this 
arena. What is insular though I think is that it doesn’t really involve 
people from the areas that I call the enabling sciences such as 
mathematics, computer science, and so on. But I think if you sort of 
followed the second order, third order, fourth order links, you would 
probably get a more interesting social network as well. 

Mr. Bass. One last question. Dr. Wegman. The National Academy 
of Science report that was released last month states the following: “It 
can be said with a high level of confidence that the global mean surface 
temperature was higher during the last few decades of the 20^^ Century 
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than during any comparable”— during, I don’t know, there must be a typo 
here — “during the preceding four centuries.” Now, I understand from 
your testimony on the first page that you want to distance yourself from 
the issue of global warming, its causes, and its solutions, but would you 
agree with that statement? 

Dr. Wegman. Yes. I think that is a reasonably cautious verifiable 
statement that in terms of— and I speak now not as a professional 
statistician but as a citizen of this country. It seems to me that it is 
entirely reasonable to say that Dr. North and his panel made an accurate 
assessment, but it must be understood in the context which is that we 
have relatively speaking a Little Ice Age, which everybody seems to 
acknowledge, and so it is not so surprising that it is warming if we are 
coming out of a Little Ice Age. 

Mr. Bass. I want to thank both of you gentlemen for your testimony 
today and I yield back. 

Mr. Walden. [Presiding] The gentleman yields back his time. The 
gentlelady from Illinois, Ms. Schakowsky, is recognized for 10 minutes. 

Ms. Schakowsky. Thank you, Mr. Chairman. I have so many 
things I want to ask here. Let me start again. Dr. North, I want to 
confirm what I think you already said. Is Dr. Mann’s hockey stick study 
considered to be the foundation on which all climate change science is 
based? 

Dr. North. No. 

Ms. Schakowsky. It isn’t. And again I want to say, if it never 
were, if the study simply— the hockey stick, the original and there was a 
revised in 2003-2004, right, my understanding is, which I guess you 
disagree. Dr. Wegman, acknowledged some of the mistakes and made 
some changes but if it never did, would most scientists essentially arrive 
at the same conclusion as we are seeing, that we are engaged— that this is 
a time of global warming attributable in large part to human activity? 

Dr. North. Yes, I think that is true. 

Dr. Wegman. By the way, for what it is worth, I think it is true 
although I would caution you to not say most scientists. Most climate 
scientists would probably— 

Dr. North. That is better. Thank you. I appreciate that. 

Ms. Schakowsky. Okay, most climate scientists. Should we not 
rely on climate scientists for our information about the climate? 

Dr. Wegman. The point I was making was that you are saying most 
scientists, so the testimony— 

Ms. Schakowsky. Well, let me ask- 

Dr. Wegman. —of a chemist is irrelevant to— 
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Ms. SCHAKOWSKY. Exactly. So would you agree then that climate 
scientists are those that we should primarily refer to when we are asking 
questions about climate? 

Dr. Wegman. Certainly. 

Ms. SCHAKOWSKY. So you would agree that human activities are 
not only increasing atmosphere greenhouse gases but that it is attribute 
would you say in large part mostly in terms of your understanding as not 
a climate scientist to human activity? 

Dr. Wegman. I am in no position to say— 

Ms. SCHAKOWSKY. Well, what did you say you did agree with 
earlier? 

Dr. Wegman. I said I agree that it is warming. That is what I 
agreed to. I mean, I said it several times now that the temperature record 
from 1850 onwards indicate that it is warming. 

Ms. SCHAKOWSKY. I also had said earlier that in my question to Dr. 
North and that most scientists agree that in large part or for your 
purposes I will say in some part attributable to human activity. Would 
you agree with that? 

Dr. Wegman. I don’t know that for a fact. 

Ms. SCHAKOWSKY. Okay. You don’t know that. 

Dr. Wegman. Again, it is the connection between carbon dioxide 
and temperature increase. Now, Mr. Inslee pointed out that he thinks 
there is a physical explanation based on a blanket of carbon dioxide in 
the reflection. Carbon dioxide is heavier than air. Where it sits in the 
atmospheric profile, I don’t know. I am not an atmospheric scientist to 
know that but presumably if the atmospheric— if the carbon dioxide is 
close to the surface of the Earth, it is not reflecting a lot of infrared back. 

Ms. SCHAKOWSKY. Okay. But are you not really qualified to- 

Dr. Wegman. No, of course not. 

Ms. SCHAKOWSKY. —comment on that. I think since we are talking 
about scientific data, statistics, let us be clear, and you are challenging a 
report which form what I understand as Dr. North in some part at least 
you agree with the critique of the Mann data, so— and I am certainly— I 
am neither, but we are policymakers here so what I— do you believe that 
your report disproves that climate change is manmade in any way? 

Dr. Wegman. No. 

Ms. SCHAKOWSKY. And since you think that you are not in a 
position to make a decision on global warming, are you uncomfortable at 
all. Dr. Wegman, that the consequences of what you are saying today to 
policymakers, I think most of whom, if not all of them, are neither 
statisticians or climate scientists, could have the impact of saying we 
don’t need to do anything. Does that make you uncomfortable at all? 
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Dr. Wegman. I would hope that our legislators are smarter than 
that to know that when somebody says that they are using wrong 
methodology, that does not imply that some fact is not true. I would 
hope that you would take my testimony with the idea that if something is 
wrong with this piece of work, it ought to be discarded as a policy tool, 
and that is precisely what I am saying. 

Ms. SCHAKOWSKY. Well, let me ask you this. Dr. Mann has 
published dozens of study since the original hockey stick study and as I 
said earlier, beginning in 2003 he reformulated the statistical methods. 
Do you take into account these later studies in your report? 

Dr. Wegman. I have read his later studies. I was not asked about 
his later studies. I think as science iterates, things do get better, but as I 
indicated before, one of the unfortunate aspects of this overall situation 
with Dr. Mann and his colleagues, my attack is not an attack at all. It is 
simply trying to lay out what I perceive to be a true statement. I think it 
is unfortunate that rather than moving on and saying gosh, I made a 
mistake and here is the better situation, here is a better approach, there 
continues to be a defense which is captured in his web log called 
realclimate.org. 

Ms. SCHAKOWSKY. And I understand that there are these battles and 
sort of the academic politics and scientific politics, et cetera, but do you 
disagree with Dr. North that even without Dr. Mann altogether or are you 
using these social— what do you call it— to say that everything now has to 
be discredited? 

Dr. Wegman. No, I don’t think everything at all has to be 
discredited, and I think the things that do not use the techniques, the 
flawed methodology with respect to principal components, anything that 
doesn’t use those, I have no position on. 

Ms. SCHAKOWSKY. And you talked about the cartoon that was in 
the Wall Street Journal article and then my understanding that the graph 
or whatever you call this, this drawing that it in your report, is it not true 
that it ends in 1975? 

Dr. Wegman. I think that is approximately accurate. But again, I— 
this also appears in the National Academy report as well as the Wall 
Street Journal. I did not have the original data for that cartoon, for that 
graph, and so I had no way of knowing what the full range of the time 
frame was for that. 

Ms. SCHAKOWSKY. And would you confirm that. Dr. North, that it 
goes approximately or maybe exactly to 1975? 

Dr. North. It is 1975. That is correct. 

Ms. SCHAKOWSKY. I am trying very hard to understand the point of 
this hearing and this conflict because if we are through many studies 
come to the conclusion that there is such a thing is global warming. 
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which is hard to deny on a day like today and yesterday, et cetera, 
although I am not the scientist, and that it at least in some part is caused 
by human activity, then why we are doing this really does escape me. I 
can understand why in academia you may have an interest in discrediting 
Mann and back and forth, but I am very concerned that this is being used 
in a way to discredit the whole notion that our country and the rest of the 
industrialized and developing ought to do anything about global 
warming, and that is why I asked you that question. Dr. Wegman, if this 
does not make you somewhat uncomfortable. Can you see in any way 
how this is being used and does it bother you? 

Dr. Wegman. Well, I can understand that it is your job to sort out 
the political ramifications of what I have said. In some sense it is not fair 
for you to say well, gee, you have reported on some fact and that is going 
to be used in a bad way. The other side of the coin is that, you have tried 
to get me to say that manmade carbon dioxide emissions are associated 
with the global warming. 

Ms. SCHAKOWSKY. Which you can’t, right, because you are not a 
climate scientist. 

Dr. Wegman. I cannot say that, but what I can say is that from 
1850 to the present time, the global temperature rise is about 1.2 degrees 
Centigrade according to the Mann chart. One point two degrees 
Centigrade translates to about two degrees Fahrenheit. I challenge 
anybody to go out and tell the difference between 72 and 74 degrees 
Fahrenheit. What I do say and what I have said repeatedly is that you 
need to focus on the basic science. You need to understand what the 
transfer of heat from the ocean to the atmosphere, how that dynamic 
works, how the climate is going to change based on the physical 
mechanisms, a fundamental understanding of the physical mechanisms, 
not on some statistical estimation of those signals. 

Mr. Waeden. The gentlelady’s time has expired. The gentleman 
from Florida, Mr. Steams, for 10. 

Mr. Stearns. I thank you, Mr. Chairman. Let me thank both of 
you for your patience here and how long you have been sitting. We have 
been changing chairmen here. They get to go but you don’t so we are 
very appreciative of what you are doing here. I think you aptly replied to 
Ms. Schakowsky’s comment that basically we are trying to look at the 
science of this. Mr. Chairman, I think it would be appropriate to put by 
unanimous consent this Wall Street Journal article, if you don’t mind to 
put this in. It is— 

Mr. Waeden. Without objection. 

[The information follows:] 
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TAB 15 Hockey Stick Hokum 


I ~ t is roiifinetnese days to read in newspapers 
or hear-almost anywhere the subject of cli- 
mate change comes up-that the 1990s were 
the “warmest decade in a millennium” and that 
1998 was the warmest year in the last 1,000. 

This assertion has become so accepted that 
it is often recited without qualification, and 
even without giving a source for the “fact. ” But 
a report soon to be released by the House En- 
ergy and Commerce Committee by three inde- 
pendent statisticians underlines yet again just 
how shaky this “consensus” view is, and how 
recent its vintage. 

The claim originates from a 1999 paper by pa- 
leoclimatologist Michael Mann. Prior to Mr. 
Mann’s work, the accepted view, as embodied in 
the U.N. ’s 1990 report from the Intergovernmen- 
tal Panel on Climate Change (IPCC), was that 
the world had undergone a warming period in 
the Middle Ages, followed by a mid-millennium 
jcold spell and a subsequent warming period- 
the current one. That *.? - . 


errors that call his conclusions into doubt. Fur- 
ther, Professor Wegman’s report upholds the 
finding of Messrs. McIntyre and McKitrick that 
Mr. Mann’s methodology is biased toward pro- 
ducing “hockey stick” shaped graphs. 

Mr. Wegman and his co-authors are careful to 
point out that doubts about temperatures in the 
early part of the millennium do not call into ques- 
tion more-recent temperature increases. But as 
you can see looking at these two charts, it’s all 
about context. In the first, the present falls eas- 
ily within a range of natural historical variation. 
The bottom chart looks alarming and discontinu- 
ous with the past, which is why global-warming 
alarmists have adopted it so eagerly. 

In addition to debunking the hockey stick. 
Mr. Wegman goes a step further in his report, 
attempting to answer why Mr. Mann’s mis- 
takes were not exposed by his fellow climatolo- 
gists. Instead, it fell to two outsiders, Messrs. 
McIntyre and McKitrick, to uncover the errors. 
' - Mr. Wegman 


consensus, as shown in 
the first of the two 


Climate ‘^nsensus’' 


bfirigS to bear a tech- 
nique called social-net- 


IPCC-provided graphs ^ 

nearby, held that the x 

Medieval warm period J v. 

was considerably c - .2 

warmer than the ^ j Mediewi 
present day. I . 

Mr. Mann’s 1999 pa- I mS^ad — * — 

per eliminated the Me- & 
dieval warm period ^ * 

from the history books, ..jtaditow 

with the result being ^ — ~ 

the bottom graph you i 

see here. It’s a man- I zji,i n l 

made global-warming f 

evangelist’s dream, * 

with a nice, steady tern- 5 

perature oscillation 

that persists for centu- ^ouna: riml twi ' 

ries followed by a dra- " * 
made climb over the past century. In 20% the 
IPCC replaced the first graph with the secoSd in 
its third report on climate change, and since 
then it has cropped up all over the place. A1 
Gore uses it in his movie. 


work analysis to exam- 

£ ine the community of 

UMciccAie climate researchers. 

yz I His conclusion is that 

- the coterie of most fre- 

quently published cli- 

iUaii ' W A matologists is so insu- 

i»AD I9MAD lar and close-knit that 

' — - no effective indepen- 

dent review of the 
• ■ ■ ■ ’ ■ work of Mr. Mann is 

j likely. “As analyzed in 

tit our social network,” 

Mr. Wegman writes, 
: “there is a tightly knit 

1 group of individuals 

woo' 2000 who passionately be- 

■teChnr thesis.” 

He continues: “How- 
ever, our perception is that this group has a self- 
reinforcing feedback- mechanism and. more- 
over, the work has been sufficiently politicized 
that they can hardly reassess their public posi- 
tions without losing credibility.” 


The trouble is that there’s no reason to be- 
lieve that Mr. Mann, or his “hockey stick” 
graph of global temperature changes, is right. 
Questions were raised about Mr. Mann’s paper 
almost as soon as it was published. In 2003, two 
Canadians, Ross McKitrick and Steven McIn- 
tyre, published an article in a peer-reviewed 
journal showing that Mr. Mann’s methodology 
could produce hockey sticks from even ran- 
dom, trendless data. 

The report commissioned by the House En- 
ergy Committee, due to be released today, backs 
up and reinforces that conclusion. The three re- 
searchers— Edward J. Wegman of George Ma- 
son University, David W. Scott of Rice Univer- 
sity and Yasmin H, Said of Johns Hopkins Uni- 
versity-are not climatologists; they’re statisti- 
cians. Their task was to look at Mr. Mann’s 
methods from a statistical pcrspectiveJSd as- 
sess their validity. Their conclusion is that Mr. 
Mann’s papers are plagued by basic statistical 


In other words, climate research often more 
closely resembles a mutual-admiration society 
than a competitive and open-minded search for 
scientific knowledge. And Mr. Wegman’s social- 
network graphs suggest that Mr. Mann himself— 
and his hockey stick-is at the center of that 
network. 

Mr. Wegman’s report was initially re- 
quested by the House Energy Committee be- 
cause some lawmakers were concerned that 
major decisions about our economy could be 
made on the basis of the dubious research em- 
bodied in the hockey stick. Some of the more 
partisan scientists and journalists howled that 
this was an attempt at intimidation. But as Mr. 
Wegman’s paper shows. Congress was right to 
worry; his conclusions make “consensus” look 
more like group-think. And the dismissive reac- 
tion of the climate-research establishment to 
the McIntyre-McKitrick critique of the hockey 
stick confirms that impression. 


The Wall Street Journal, July 14, 2006 
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Mr. Stearns. Thank you. It talked about the hockey stick hokum 
and it goes on to talk a little bit about Mr. Mann and we all talked about 
it all morning but it says in 2001 the IPCC replaced the first graph with a 
second in its third report on climate change and since then this graph has 
cropped up all over the place. In fact, I think it is in Vice President 
Gore’s movie and I believe it is in his book, “Inconvenient Truth.” On 
page 65 he has got the source as the IPCC and then a little bit above it he 
talks about the hockey stick, a graphic image representing the research of 
climate scientist Michael Mann and his colleagues. So I would just say 
to my colleagues and Ms. Schakowsky to that it is important that if a 
graph suddenly becomes a significant graph in all these publications and 
shows up everywhere and is used in debate to make argument, I think it 
is important for all of us to look at this graph and I think that is all Dr. 
Wegman is doing is to say we are looking at this graph and as it turns out 
in this book, “An Inconvenient Truth” by Vice President Gore that he is 
using a graph as I understand it that has been established this morning 
that the methodology and the statistical analysis of it is incorrect and— 

Ms. Schakowsky. No, that is not— will the gentleman yield for a 
second? 

Mr. Stearns. Well, let me ask- 

Ms. Schakowsky. Just for one second. 

Mr. Waeden. Just regular order. 

Mr. Stearns. I will be glad to do that. Let me just ask Dr. 
Wegman, if I have in his book the reference to the hockey stick and I 
have reference to the IPCC, then we have here a graph that you in fact 
are disputing because of its methodology and the statistics. Would that 
be a fair statement? 

Dr. Wegman. Well, I would like to be careful in that regard. 

Mr. Stearns. Sure. I know. Do you want me to bring the book 
down and have the staff bring the book to you? 

Dr. Wegman. I have one. 

Mr. Stearns. Oh, you have it. 

Ms. Schakowsky. Would the gentleman yield— 

Mr. Stupak. Would the gentleman yield on that point then? 

Mr. Stearns. Well, let me just finish with my question here 
because what I am trying to understand is, you have a graph that 
suddenly goes everywhere and we have established today that the 
methodology for Dr. Mann’s graph is questionable, so the question is, if 
it shows up everywhere, shouldn’t the American people understand that 
some of the reference here in the book, the methodology is in question? 
That is all I am asking. 

Mr. Stupak. Would the gentleman yield on that point? 

Mr. Stearns. Well, let me ask- 
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Mr. Stupak. Because if you are going to ask the question— 

Mr. Walden. Regular order, please. It is the gentleman’s time— 
Mr. Stearns. I am not asking the question to you. I am asking it to 
Dr. Wegman, so I think, Mr. Chairman, I would like to have the question 
asked to him and not to my fellow colleagues. 

Dr. Wegman. Let me be precise on the statement. There is some 
ambiguity in this book because it talks about ice cores and as I 
understand it, this particular— 

Mr. Stearns. This is on page 65. 

Dr. Wegman. This particular picture— 

Mr. Stearns. Yeah, that is right, the same one. 

Dr. Wegman. —was based on ice core studies— 

Mr. Stearns. But it says below, it says source, IPCC, at the very 
little, small little note there. 

Dr. Wegman. Right. 

Mr. Stearns. Okay. 

Dr. Wegman. Higher on the same page in the text it talks about 
Mann but I believe if one is going to be precise, this is a piece of study 
based on ice cores, not on the temperature reconstruction. 

Mr. Stearns. So we just don’t know, and I think that is accurate. I 
am glad you pointed that out so that the reader or anybody looking at this 
would not necessarily say that the source of the IPCC is indeed Dr. 
Mann’s hockey stick— 

Ms. SCHAKOWSKY. Would the gentleman yield for just a minute? 
Mr. Stearns. No, I am just asking Dr. Wegman— 

Ms. SCHAKOWSKY. Please, I can read from-I am looking at the 
same— 

Mr. Stearns. You folks had your time. I am just— 

Mr. Walden. Regular order. 

Mr. Stearns. When I complete my thing. So the question is, he 
says IPCC here and he has got this graph that looks like a hockey stick, 
you are saying that you cannot correlate that to mean that it is Dr. 
Mann’s graph? That is what you are saying? 

Dr. Wegman. I believe that is true. 

Mr. Stearns. Okay. All right. Yes, I will be glad to yield to Ms. 
Schakowsky. 

Ms. Schakowsky. Thank you. I just want to read to you from that 
same— it says “But as Dr. Thompson’s thermometer show,” and so it is 
not based on Dr. Mann. This is a different source which our staff had 
confirmed with A1 Gore. I just want to make— 

Mr. Stearns. I respect that. 
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Ms. SCHAKOWSKY. -that point. I know, but your question wanted 
to reinforce the notion that this was based on this false or inaccurate Dr. 
Mann study— 

Mr. Stearns. Well, I think- 

Ms. SCHAKOWSKY. -and it is not. 

Mr. Stearns. Okay. 

Dr. Wegman. And I responded that it was not. 

Ms. SCHAKOWSKY. No, I- 

Mr. Stearns. Go ahead. You respond to that. 

Dr. Wegman. I responded exactly the same way you just did. 

Mr. Stearns. And I think that is important to realize because it is 
showing up not just here but it is showing everywhere and so it is not 
precise that that is Dr. Mann’s graph here, and that is what you have 
confirmed. Now, I think the other real big question that we sometimes 
forget is, what effect does this have? I mean, what is— you mentioned 
here that it could be two degrees Fahrenheit from 1850 to 2006 and you 
say how many people could know the difference between 72 degrees and 
74. That was your words. The Competitive Enterprise Institute put out a 
report and let me just read from that. Dr. James Hanson of NASA, the 
father of the greenhouse theory, and Richard Linzen of MIT, both of 
them are renowned climatologists in the world, agree that if nothing is 
done to restrict greenhouse gases, the world will see a global temperature 
increase of about one degree Centigrade in the next 50 to 100 years. 
Hanson and his colleagues predict additional warming in the next 50 
years of .5 degrees Centigrade. A warming rate of .1, tenth of a percent 
Centigrade per decade, does that seem like an accurate statistic to you? 
Would you generally agree with that or disagree? I know it is difficult 
but— 

Dr. Wegman. I have no way of truly knowing. 

Mr. Stearns. But I mean, if you say in the last 156 years we have 
only had two degrees Fahrenheit, I mean, this would confirm that this is 
not something that is out of control. Wouldn’t you say that basically— 
my point I am trying to establish is, that the estimates of this future 
warming should not get us into a hysterical mode. I know— 

Dr. Wegman. I would tend to concur but what I would also say is 
that the global average temperature is probably not a very good measure 
of global warming in the sense that, as I said before, ocean circulation, 
salinity, how the Gulf current subducts when it gives up its heat in the 
Northern Hemisphere, understanding the coupling of that to the 
atmosphere seems to me to be the scientific issue at hand that really 
ought to be investigated more thoroughly. 

Mr. Stearns. Also in this Competitive Enterprise Institute, the 
question came up, and Mr. Waxman mentioned a whole group of 
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scientists, renowned scientists, that said that we are into a global 
warming and in this report it says, “What do scientists agree on and they 
agree that global average temperature is about .6 degrees Celsius or just 
over one degree Fahrenheit higher than it was a century ago. 
Atmospheric levels of carbon dioxide have risen by about 30 percent 
over the 200 years and carbon dioxide like water vapor is a greenhouse 
gas whose increase is likely to warm the Earth’s atmosphere.” Is that 
generally you think accurate? 

Dr. Wegman. As far I know, yes. 

Mr. Stearns. But is there in your opinion a scientific consensus 
that global warming is real and bad for us? Could you say categorically, 
both you and Dr. North today, that there is a scientific consensus and 
evidence that global warming is bad and we should be very concerned 
about it? That is a tough question, I know. 

Dr. Wegman. I believe there is a consensus that global warming is 
real. My friends in Finland think it is a great thing. 

Mr. Stearns. And your friends here in the United States don’t. 
Would that be fair to say? 

Dr. Wegman. Well- 

Mr. Stearns. I mean, that it is occurring but it is not as significant 
the people that are out there saying we have got to do something 
tomorrow, we have got to do something, do something. 

Dr. Wegman. I think it is probably less urgent than some would 
have it be. 

Mr. Stearns. Dr. North, I am going to give you a few moments, 
unless you want to— you don’t have to say anything. 

Dr. North. Well, my feeling is that it is happening but I don’t do 
good or bad. 

Mr. Stearns. Let me just conclude, Mr. Chairman, just by saying 
that Dr. Wegman said that in the last 156 years it has gone up just about 
two degrees Fahrenheit and so I don’t really think we are into a very, 
very serious concern that we all should be worried about getting overly 
hot tomorrow. 

Mr. Waeden. The gentleman’s time has expired. The gentlelady 
from Wisconsin, Ms. Baldwin, for 10 minutes. 

Ms. Baldwin. Thank you, Mr. Chairman. Dr. Wegman, your 
report includes a social networking analysis of the authorship in 
temperature reconstruction, and to your knowledge, has this type of 
social network analysis ever been done before to look at an academic 
field? 

Dr. Wegman. No, and in fact, based on reactions to this, I think it 
is probably a good idea that we do this more broadly. 
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Ms. Baldwin. And am I correct in understanding that your analysis 
did not include talking to the paleoclimatologists to get their perspective 
on how they interact nor did it include substantively analyzing their 
interactions? 

Dr. Wegman. No. We simply looked at their connection in terms 
of, based on engineering compendics, based on their coauthorship. 

Ms. Baldwin. In your report, you state that, and I quote, ‘‘Our 
findings from this analysis suggest authors in the area of paleoclimate 
studies are closely connected and thus independent studies may not be as 
independent as they might appear on the surface.” Are you saying that 
based on your social network analysis, that you are concluding that 
independent studies may not be independent or are you saying that your 
network analysis suggests a lack of independence as a hypothesis that 
one would need to investigate further before one could draw a 
conclusion? 

Dr. Wegman. I think one should take our social network analysis 
with a grain of salt to understand that this is an unusual configuration of 
people with a highly central person involved in this. It is no surprise to 
any working scientist that there are groups of statisticians, groups of 
mathematicians, groups of paleoclimate scientists, groups of physicists 
that work together closely and that there are competing social networks. 
I would hasten to add that social networks doesn’t mean I go out and 
drink a beer with somebody. It doesn’t mean I am a buddy of theirs. It 
means that I work with them, that I think like they do, that we have 
similar approaches. Now, if the group of people operating in this area is 
relatively small, as I believe it is in the paleoclimate area, then I think 
there is some evidence that probably should be investigated more clearly, 
that these people are refereeing their own papers. After all, Michael 
Mann was an editor of the Journal of Climate and he publishes a lot of 
his papers in the Journal of Climate. It is pretty hard to say well, I am 
going to take this guy who is well known and I am going to start 
rejecting his papers. That is a pretty hard thing to do. 

Ms. Baedwin. Well, Dr. Wegman, my question was, is this a 
hypothesis or is it a conclusion that you have drawn? If it is a hypothesis 
that would need to be investigated further and of course earlier we heard 
Dr. North’s response to a question about what this— how fiercely 
competitive people early in their scientific careers, late in their scientific 
careers are. I am a granddaughter and a niece of two researchers and I 
feel like I have had a lifelong sense of how competitive these things, 
even if you have a very narrow perspective. But are you reaching a 
conclusion or a hypothesis? 

Dr. Wegman. No, this is a hypothesis. 
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Ms. Baldwin. Okay. Then if I understand you correctly, there are 
at least two problems with the Wall Street Journal’s statement in an 
editorial last week that your “conclusion is that the coterie of the most 
frequently published climatologists is so insular and so close-knit that no 
effective independent review of the work of Mr. Mann is likely,” because 
first your social network analysis wasn’t of climatologists but a much 
narrower group of temperature reconstructionists, and second, your 
social network analysis did not allow you to reach a conclusion about the 
independence of review of Dr. Mann’s work. 

Dr. Wegman. I think that there is— you know, in some sense you 
are putting words in my mouth but I think there is evidence— 

Ms. Baldwin. Well, the Wall Street Journal- 

Dr. Wegman. Let me finish. I think there is evidence based on this 
social network analysis, based on the real climate.org web log, based on 
the general reaction of Dr. Mann and, for that matter. Dr. Bradley and 
Dr. Hughes to the initial inquiries to the committee that there is a tight- 
knit group of people who are interacting with each other and who frankly 
don’t seem to like to be criticized. 

Ms. Baldwin. Dr. Wegman, I have an additional question. I think 
it has been touched on before but I just want to get some real clarity on 
this. I understand that the data that you used is based on Mann’s 1998 
and 1999 studies. In the recent years Dr. Mann has altered his 
reconstructions using different methods and proxies. Each time he has 
been able to reach virtually the same conclusions. Did you analyze any 
data from Mann’s later studies or those from other reputable climate 
scientists who have reached similar conclusions? 

Dr. Wegman. We did not attempt to reproduce any of the later 
material. However, what we did do was look at the proxies that were 
used and we looked at the series of papers beginning actually with Jones 
and Bradley, I think it was, in 1993 and compared the proxies that they 
were using and the methodologies that they were using. Basically Mann 
articulates I believe in his 2005 paper the set of papers that used the 
climate field reconstruction, the CFR methodology, and also uses the 
CPS methodology. Those are articulated by Mann, not by me. 

Ms. Baldwin. But you used the 1998 and 1999 studies? 

Dr. Wegman. We were asked to address the issues in 1998 and 
1999, yes. 

Ms. Baldwin. I would now yield my remaining time to Mr. Inslee, 
who requested that. 

Mr. Inslee. Thank you. Doctor, I have been trying to figure out 
how to characterize the situation, and the best I can do is to say that we 
don’t debate gravity anymore and we should not debate whether there is 
a human contribution to global warming anymore, and the way I look at 
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this is sort of like if you had reviewed Newton’s Principia where he laid 
out the basic laws of physics that we have now based, until quantum 
mechanics came around, most of our science, if you found a statistical 
flaw, which I will bet you could if you looked at the whole Principia that 
didn’t meet sort of regular statistical proofs right now, you might come 
into Congress, if the Republicans controlled Congress in 1695, anyway, 
and say, you know, I found this statistical flaw in this one little piece of 
Newton’s theory, even after we have a mountain of evidence that gravity 
is a fact, not a theory, upon which we base our science, and that is the 
reason that you are not urging, as I understand it, us to reject Dr. Mann 
and his group’s conclusion, that humans are a causative factor for global 
warming. The reason you are not asking us to reject that conclusion is 
that you recognize that you have found what you believe is a statistical 
flaw in one study but it does not contravene the mountain of evidence 
that says global warming is caused a not insigniflcant part by human 
activity. Is that a pretty fair metaphor for this? 

Dr. Wegman. Well, I— you know, the issue is, I was asked a very 
speciflc question. I came here to testify on a very speciflc question. And 
you are asking me to testify off of my level expertise and I— 

Mr. Inslee. Well, let me just ask you— 

Dr. Wegman. -am not going to do that. 

Mr. Inslee. Let me ask you a quick question. If you found a 
statistical flaw in the Principia published by Sir Isaac Newton in 16 
whenever it was, would you suggest that we reject the theory of gravity? 

Dr. Wegman. I would not suggest anything because that was not 
the question I was asked and that is not the reason I am here. 

Mr. Inslee. Well, unfortunately, this is the reason— 

Dr. Wegman. I mean, if you are asking me as an ordinary citizen— 
Mr. Inslee. No, I want you to make sure you understand the reality 
of the situation. I am giving you all the sincerity that I can give to you. 
But the reason you are here is not why you think you are here, okay. The 
reason you are here is to try to win a debate with some industries in this 
country who are afraid to look forward to a new energy future for this 
Nation, and the reason you are here is to try to create doubt about 
whether this country should move forward with a new technological 
clean energy future or whether we should remain addicted to fossil fuels. 
That is the reason you are here. Now, that is not the reason individually 
why you came but that is the reason you are here. Thank you very much. 

Mr. Walden. The gentleman’s time has expired, which is the 
reason I am here to keep control of this. 

Dr. Wegman. But I didn’t get to answer. 

Mr. Walden. Well, I will just give Dr. North a question. Does 
anybody still study gravitational theory in the scientiflc community? 
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Dr. North. Yes, they do. 

Mr. Walden. Ifyoufmd- 

Dr. North. It is a very active field in physics. 

Mr. Walden. Do you ever learn anything new? 

Dr. North. Absolutely. Things are being learned all the time. 

Mr. Waeden. And are you allowed then to publish new findings 
that might contradict old findings? 

Dr. North. Absolutely. 

Mr. Walden. Okay. Good. Science moves forward. Now, I have 
to apologize. I was in another markup earlier and so I missed some of 
the questions and some of the opening statements although I am familiar 
with both of your gentlemen’s testimony. But I just want to make sure I 
understand one sort of underlying piece, and that is, did you both indicate 
that Dr. Mann’s underlying statistical analysis was incorrect? Dr. 
Wegman? 

Dr. Wegman. Yes. 

Mr. Waeden. Dr. North? 

Dr. North. Well, we found that it is not— there were many choices 
to make. They probably didn’t make the best choice when they did the 
analysis the way they did. 

Mr. Walden. What do you when— 

Dr. North. When their claims are wrong, it just means they are not 
very convincing because of the way they did it. 

Mr. Walden. Okay. Now, I am not a scientist so tell me— 

Dr. North. That was nuanced. I apologize. 

Mr. Walden. No, no. Tell me what that means as a layperson, as a 
lawmaker, when you say they made choices in their— 

Dr. North. Well, when you approach a problem like this, there are 
many choices when you try to do a statistical analysis and so there are 
many choices as to should you deter in the data in the 20^^ Century or 
should you not. Should you use this kind of validation procedure or a 
different one. 

Mr. Walden. Right. 

Dr. North. And in fact, one series of papers by Burger and 
Cubasch actually looked at the situation and decided there were 64 
different ways you could have done it, and had you chosen— and so they 
actually showed us a family of extrapolations you would have gotten 
using all of those different— 

Mr. Walden. And did they all look like a hockey stick? 

Dr. North. They all-well, I mean, to me they do. But, it is a bit 
curved. It is not exactly like the hockey stick but within the error bars, 
and by the way, in the Wall Street Journal article, there is really a 
mistake made in that graphic, and that has to do with the error bars. It 
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does show— these two graphics are in our reports, the same ones that are 
in the Wall Street Journal report, and if you look at the Wall Street 
Journal article, they don’t put the margin of error in there, which is 
really important. 

Mr. Walden. What is the margin— 

Dr. North. I mean, it is totally irresponsible to do this without the 
margin of error. 

Mr. Walden. Okay. Can I ask you, what should that be so we 
clarify the record, the margin of error? 

Dr. North. The margin of error is the plus-minus 95 percent 
confidence interval. 

Mr. Walden. And that is what it should have been here? 

Dr. North. That is right. 

Mr. Walden. The plus or minus— 

Dr. North. And so when you look at the family of curves, they all 
fall pretty close to that gray area in this graphic but in the Wall Street 
Journal article, the gray is removed. 

Mr. Walden. Now, in the Wall Street Journal article too, they 
make a reference to a McIntyre and McKitrick critique, and I guess, have 
you reviewed that one. Dr. North 

Dr. North. Oh, I am familiar with their work and, in fact, Mr. 
McIntyre is here. He will be testifying later. 

Mr. Walden. Did he present to your panel? 

Dr. North. Yes, he did. Andinfact- 

Mr. Walden. Can their data be replicated or the results be 
replicated? 

Dr. North. Well, what they did was a critical study, somewhat like 
the Wegman report, and I think they did an honest job. It was a nice 
piece of work. 

Mr. Walden. Dr. Wegman- 

Dr. North. I have no complaint about what they did. 

Mr. Walden. In terms of replicating data or replicating studies, my 
understanding is, it is difficult to replicate the Mann study but it was 
possible to replicate the McIntyre and McKitrick study. 

Dr. Wegman. Yes, that is correct, and we did so. 

Mr. Walden. I want to move on to a little different topic and that is 
related to data sharing because I have run into this in another committee 
where I am a subcommittee chair on science and that was, there was a 
dispute— imagine that— over a report that was run out and published and 
somebody else tried to get the data to see if they could replicate it and 
there was a long delay and it was a real problem, and I know Dr. North, 
in your report, you say— page 112 of the surface temperature 
reconstructions the past 2,000 years, you make a comment that says. 
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“Our view is that all research benefits from full and open access to 
published data sets and the clear explanation of analytical methods is 
mandatory. Peers should have access to the information needed to 
reproduce published results so that increased confidence in the outcome 
of the study can be generated inside and outside the scientific 
community,” and you make that comment. Then I note— 

Dr. North. I was about to read it to you. 

Mr. Walden. What is that? 

Dr. North. I was about to read it to you. 

Mr. Walden. Well, we can do it in the key of C next time together. 
Then Dr. Wegman, on page 4 of your testimony, you say, “Additionally, 
we judge that sharing research materials, data, and results was 
haphazardly and grudgingly done,” and further I believe it on page 66, 
there is a reference— there is a question, “Has the information needed to 
replicate their work been available, and the answer is, in our opinion, no. 
As mentioned earlier, there were gaps in MBH98.” Do we have a 
situation here where it was very difficult to get the data to do replication, 
and if so, why, do you think? 

Dr. Wegman. As I mentioned earlier, we did download the data. 
We have seen the letter that Dr. Mann replied to the committee which 
basically took the position that this is my intellectual property and I don’t 
have to share it and the National Science Foundation tells me so. 

Mr. Walden. Is that the case. Dr. North? Do you speak for the 
National Academy of Science? 

Dr. North. No, no. 

Dr. Wegman. But the issue is that if there is free and open access to 
the data and the materials that are associated with the data, it makes the 
policing of this kind of activity, the referees for the hockey game as I 
said earlier, it makes it so much easier to be able to do that, and we think 
that that is an important aspect of the scientific enterprise. 

Mr. Walden. How do statisticians do these sorts of evaluations? 
Do you share data among yourselves? 

Dr. Wegman. Typically in terms of computer code, there are two 
places that people typically go to. There is an electronic journal called 
the Journal of Statistical Software which is a refereed journal. People 
submit their code to that journal. There is also a website that people 
submit both data and code to. 

Mr. Walden. I don’t know if you have had a chance to see Mr. 
Crowley’s testimony whom we will hear from later today but he has 
some rather unflattering statements about your report. I know it is 
shocking that different scientists have different views of different 
scientists and their reports. He says that there are a number of flaws in 
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your report and goes on to list some. Do you have any comment on the 
testimony we are going to hear later since you won’t be back at— 

Dr. Wegman. Well, I probably will be here but not sworn in or at 
least— 

Mr. Walden. Right. Youwillstillbeunderoath, they inform me. 

Dr. Wegman. I understand where Dr. Crowley is coming from. He 
is in a relatively awkward position of having to defend the position that 
Dr. Mann had taken. 

Mr. Walden. Why? Why is that an awkward position? 

Dr. Wegman. Well, because you have heard from both of us this 
morning that there are fundamental flaws in the Mann work and to come 
and have to defend that is an awkward situation, I think. Frankly, I 
would not have wanted to get the letter that Dr. Mann got and the other 
coauthors because that is kind of not on the radar screen of typical 
scientists. You know, you write a paper and you have a file somewhere 
and right now my dean is telling me that we should throw everything that 
is more than 3 years old, we shouldn’t keep it in the file drawers because 
we have space considerations, we have to keep space, but I— you know, I 
think I jotted down the phrases he used about me which is that I am naive 
and— I think it was naive and uninformed. I don’t think those are 
accurate statements because he has never talked to me either. He has 
only read what we wrote and he has read it without the interaction with 
us as statisticians so we will see what happens this afternoon. 

Mr. Walden. Is he a statistician, do you know? 

Dr. Wegman. Not that I know of. 

Mr. Walden. You made a comment about the potential conflict 
with Dr. Mann being an editor of a journal and also submitting work to 
that journal. 

Dr. Wegman. Yes. 

Mr. Walden. Do you know if he proofs his own work or does he 
hold himself— 

Dr. Wegman. Generally the process is that an editor of a journal 
will submit it, pass on the material to an associate editor who will in turn 
select some referees. That process is typically what happens in a journal. 
When I was editor of a journal, I refrained from submitting anything to 
the same journal that I was editor of simply because it puts pressure on 
the associate editors and referees to approve. 

Mr. Walden. Gentlemen, we appreciate your testimony and I will 
go to the full committee Chairman, Mr. Barton. 

Chairman Barton. Well, I don’t want to do a second round 
because we have subjected these two gentlemen to close to— what is it— 
four hours of dialog. I would want to— I want to ask unanimous consent 
to ask Dr. North to comment on the recommendations that Dr. Wegman 
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gave and I also want to renew my request that the Enders Robinson e- 
mail be put into the official record. 

Mr. Stupak. Mr. Chairman, as to the e-mail of Robinson, I have no 
problem with that being entered in the record, but if you are going to ask 
further follow-up questions, I know there is one two further follow-up 
questions on this side we would like to ask. 

[The information follows:] 
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Spencer, Peter 
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Subject: 


Yasmin Said [ysaid|BHIHBH| 
Tuesday. July 18. 2006 6:54 PM 
Spencer, Peter 

FW: Re: Upcoming Congressional Testimony 


>Froai: 
>To; ' 




endersrobinso 
'Edward Wegman” 



EivNoUi 


>Subject: Re: Upcoming Congressional Testimony 
>Date: Tue, 18 Jul 2006 22:46:15 -t-OOOO 
> 

>July 17, 2006 
> 

>To whom it my concern: 

> , '■ 

>I have read the report to Chairman Barton and to Chairman Whitfield 
>entitled AD HOC COMMITTEE REPORT ON THE "HOCKEY STICK" GLOBAL CLIMATE 
>RECONSTUCTION by Edward J. Wegman, David W. Scott, and Yasmin H. Said. 
>In what follows this work of Wegman, Scott and Said is simply referred 
>to as the Report. 

> 

>The assessment of previous results given in the Report is correct. The 
>Report is entirely correct in stating that the most rudimentary 
>additive model (the model of a single ten^rature signal with 
>superiii^osed noise) is not adequate to describe the complex 
>relationships involved in climate dynamics. There is no physical 
>process fotind in nature that does not involve feedback in one form or 
>another to regulate the action of the system. The statistical methods 
>and models described in the Report use more variables and make possible 
>the construction of more elaborate reconstructions that allow feedback 
>and interactions. The Report represents the correct way to proceed. It 
*‘is especially important to bring the professional statistical community 
»-into the picture in order to assure that a sound analytical foundation 
secured in the continuing development of this program. 

>Wnat has gone on in the past studies is not unusual in science. Many 
»approaches are taken, nearly all of which contribute to understanding. 
•■The present Report represents a turning point, which was sure to come 
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>at one point or another. The turning point results in an assessment of 

>past results, and the inclusion of workers frcmi other disciplines t:o 

>fill in gaps and bring the entire endeavor up to the highest scientific standards. 

>We are indebted to the present Report for taking this step. 

* would like to mention that the authors of the Report have l<mg 

perience in the construction of statistical models for environmental 
>studies. No research workers are better qualified in every sense than. 

>they are to deal with the problem at hand. 

> 

>Sincerely, 

> 

> 

>Enders A. Robinson 
> 

>Professor Emeritus in the Maurice Ewing and J. Lamar Norzel Chair 
>D€partment of Earth and Environmental Engineering Columbia University, 

>New York, NY 10027 
> 

>Member of the National Academy of Engineering of the USA 
> 

>Fellow of the European Academy of Sciences 


> Original mess age 

>From: "Edward Wegman" <ewegmanVBHHHl^ 

> > Dear All, tUWcA. 

> > As many of- you know,-~last -Septen^er- I was- approached by a 

> > Congressional staffer concerning doing an independent review of some 

> > statistical 
>issues 

> > related to the so-called "Hockey Stick" temperature profile that was 

K published in ^Nature" in 1996 and featured prominently in the 

Intergovernmental Panel on Climate Change's "Climate Change 2001: 

The Scientific Basis." This U.N. report was used widely to support 
> > the Kyoto Accord. The "hockey stick" graphic was also featured in A1 
> > Gore ' s film, 

>"An 

> > Inconvenient Truth. "Along with Drs. David Scott and Yasmin Said, I 
> > undertook to investigate the mathematics/statistics associated with 
> > the "hockey stick" papers. John Eligsby, a recent graduate with a 
> > M.S. in Statistical Science and a Ph.D. student in the College of 
> > Science, and Denise Reeves, a Ph.D. student in the Volgenau SchooX 
> > also contributed 
>to 

> > our report. The incovenient truth is that the hockey stick is an 
>artifact of 

> > a laisuse of statistical methodology. Our report was released by 
> > Congress this morning and is available online at 

> > http : //energycommerce . house . gov/108 /hc»Be/07142006_Wegman_Report .pdf . 

> > The House Committee on Energy and Commerce press relea8e~'is 
> > available at 

> > http://energycoinmerce.house.gov/108/New8/07142006_1989.htm. A fact 
>sheet is 
> > available at 

> > http; //energycommerce. house. gov/108/home/07142006 Hegman_fact_sheet.pdf. 
> > Finally, our report was the subject of a Wall Street Journal 
> > editorial 
>this 

> > morning, which is available at 

> > http://energycoramerce.house.gOv/108/News/07142006_1990.htm. 

IP Our testimony is scheduled for 10:00 am on July 19, 2006 and wil l>e 


» > web live and other media . The essence of our report was given as a 
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Jceynote 

> address at the NASA Workshop on Data Mining, May 23, 2006 and as a 
keynote 

> address at the Syiqposium on the Interface of C<»Dputing Science and 

• Statistics on May 25, 2006. It was also briefed to the Board of 
^tors of 

the American Statistical Association. We are also tentatively 
> scheduled 
for 

> a second round of testimony at a date to be announced. This has been 
> a really interesting effort that has consumed enormous amounts of time. 
> 

> Cheers, 

> Ed Wegman 


Chairman Barton. I am sorry. I got the first part. I didn’t get 
your second part. 

Mr. Stupak. I said there are one or two follow-up questions— 

Chairman Barton. Oh, you all have some follow-up? Okay. 
Could I be recognized then for 5 minutes? Could we do the second— 

Mr. Stupak. No objection. 

Chairman Barton. Five minutes so that we can let this panel go. 

Mr. Walden. The Chairman is recognized for 5 minutes. 

Chairman Barton. Thank you. Dr. North, Dr. Wegman makes 
four recommendations on page 6 of his testimony. Do you have that in 
front of you? 

Dr. North. I think I have copied them out of there so I think I have 
them here, yes. 

Chairman Barton. Could you comment on each recommendation, 
whether you think his recommendations have merit? 

Dr. North. Let— I will try to do that. So recommendation one was 
when massive amounts of public monies and so forth are at stake, 
academic work should have more intense level of scrutiny and review. 
Well, nobody would argue with that, of course. It is especially the— we 
always want to do things better. It is especially the case that authors of 
policy-related documents like IPCC and so forth should be— 

Chairman Barton. He says the review should not be the same 
people that constructed the academic paper. 

Dr. North. So that is a really very interesting question and subject. 
You know, when you ask for an expert scientific review of the state of 
art or the science and you go to the world experts, and that is what the 
IPCC tries to, you will find authors of the chapters who have also 
coauthored some of the papers involved and indeed I think sometimes 
they do promote their own work. That is human nature. We all know 
how that works. So that process isn’t exactly perfect, but I cannot 
imagine a better, more efficient way to pull several thousand scientists 
together and they have to meet repeatedly several times over the course 
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of a year, over the course of a couple of years. One time we actually had 
one of the meetings in College Station some years ago and so people get 
tired of this. It is really hard to work. I mean, it sounds like it is fun but- 

Chairman Barton. To the largest extent possible, if you can— 

Dr. North. So it is very, very hard to— 

Chairman Barton. Sometimes there is not but two experts in the 
world and so, you know— 

Dr. North. That is right. 

Chairman Barton. But if it possible- 

Dr. North. So, you know, you could go another way and ask a 
situation like the academy did. We had a small committee of 12 people 
who were picked on the basis that they were not connected with any of 
the— I mean, as little as we could possibly do, connected with any of the 
principals and the problem, so— 

Chairman Barton. But what about his recommendation number 
two that there should be a more comprehensive and concise policy on 
disclosure and that data collected under Federal support should be made 
publicly available? 

Dr. North. This is not a bad idea, and in fact, I think Tom Karl is 
going to address that. 

Chairman Barton. And then his recommendation number three is 
that if you are doing review and doing studies that include some sort of a 
statistical approach on which your conclusions are based, that there 
should be statistical evaluation of the statistical practices. He says it 
should be a mandatory part of all grant applications. 

Dr. North. I think that is a little over the top. I think- 

Chairman Barton. A little over- 

DR. North. I think carrying this to the Federal drug approval 
process is— 

Chairman Barton. So you would- 

Dr. North. It is not a good analogy. 

Chairman Barton. Well, what about his last one, that emphasis 
should be placed on the Federal funding of research related to 
fundamental understanding of the mechanisms of climate change. I think 
you would accept that. And that the funding should focus on 
interdisciplinary teams and avoid narrowly focused discipline research, 
and he is trying to broaden the field so that it is not the same group of 
people talking to the same group of people. 

Dr. North. Well, it seems to me the two statements are 
contradictory. The first one says you should narrow the field and the 
second one says you should broaden the field, so, I mean— 

Chairman Barton. You are not real fired up about- 
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Dr. North. I want to see more money come into the field. I think 
we all would like to see that. That is great. But I am not sure that one 
was very well formed out. 

Chairman Barton. Well, let me before I yield back my 52 
seconds say why we are doing this hearing, because I have been here 
almost the entire time for every question and every statement. I missed a 
little bit but not much. I don’t disagree fundamentally with some of what 
my friends on the minority side have stated. There is no question that the 
temperature is warmer today than it was in 1850. I think there still is a 
question about the cause of that, and some of these reports and studies 
that purport not only to state the fact of the warming but the 
consequences of it, I think should be open to honest public debate 
without challenging the merits. Where I disagree with some of my 
friends on the minority side is that before we make massive public policy 
changes that affect every American citizen in this country, we need to 
have with the highest degree of certainty that the facts really are the 
facts. Now, I have right here a magazine article from Newsweek April 
28, 1975, that is talking about the cataclysmic consequences of global 
cooling. Now, that is 30 years ago and the science has changed. Now 
we are talking about the cataclysmic consequences of global warming. If 
the United States has ratified Kyoto and if the United States Congress 
working with the Administration had begun to implement Kyoto, it 
requires a reduction in CO 2 , I believe about 30 to 40 percent, and that 
means you are not going to have coal-fired power plant combustion in 
many parts of this country. It means that you are going to have to reduce 
the automobile emissions of the vehicles that are made in Michigan. 
And before we go down that trail, I think it is imperative that we do the 
oversight and do the science and talk— I am not opposed to talking to the 
climatologists but I agree with Dr. Wegman that we need to make sure 
that it is an interdisciplinary approach so that we really get everything on 
the table. If that shows that the human correlation is beyond dispute, 
then I believe we do have an obligation to take what steps we can to 
remedy that but I don’t believe that science yet shows that. With that I 
yield back, Mr. Chairman. 

Mr. Whitfield. Thank you, Mr. Chairman. At this time I 
recognize Mr. Stupak for— 

Mr. Stupak. Thank you, Mr. Chairman. Chairman Barton, and I 
take it, that means we are going to have a lot more hearings on global 
warming because there are a lot more reports than just Dr. Mann’s 1998- 
1999 report, so if we are going to come to those policy decisions, I would 
hope we would have more than just one hearing about one report and 
look at the whole spectrum of reports on global warming. Dr. North, if I 
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may, the IPCC process, is that based upon sound science, sound 
methodology? 

Dr. North. In my opinion, when you go out and ask the active 
scientists in the field to give you an assessment, they select themselves 
and it has been my experience in the three that have been produced that 
they do just that. I had very little to do with the last one. I served a 
referee on— 

Mr. Stupak. Sure. 

Dr. North. But the one before, I had a little bit more to do with it, 
but I think the process is pretty good. You know, it is human. It has 
some flaws in it but I think I— it is probably the most massive assessment 
of this kind that has ever been made. It is remarkable that you get people 
to do that. And I will tell you this, people are tired of participating. It is 
a lot of work. Traveling to these countries and having these workshops 
and meetings, it is a lot of work and so to actually ask people who are not 
experts to come in and read all of those papers that they weren’t involved 
in, that is asking a lot of people and you won’t get anybody to do it 
because there is no money for this. There is no pay for this. 

Mr. Stupak. Okay. 

Dr. North. Incidentally, the academy report people didn’t get paid 
anything either. 

Mr. Stupak. Dr. North, you also mentioned the hockey stick 
hokum that was in the Wall Street Journal last Friday in which they 
claimed that the graph from 1990 that we have talked a lot about today 
showing the warming period in the Middle Ages, the Wall Street Journal 
goes on to say that in 1990 the consensus “held that the medieval warm 
period was considerably warmer than the present day.” It has been a 
long hearing here today but is there any scientific evidence from anyone 
that supports the claim that temperatures in the Middle Ages were higher 
than they are today? 

Dr. North. There may be some locations on the Earth but so why 
do we care about the global average? You know, that has come up a 
couple of times. Because if CO 2 is the reason, it is a global forcing so 
you expect the response to be at the global scale. This is really 
important. That is why— I mean, nobody takes a picnic at the global scale 
but the scientists are very interested in what happens to the global 
average because that is what is being forced by the CO 2 . So that is why 
we are so fixated on the global average and getting large-scale averages. 
It is easier to measure it because when make measurements at a lot of 
locations, a lot of the random errors cancel out. That is good. The same 
thing happens with our models. They do that better than anything else. 

Mr. Stupak. Dr. Wegman, I thought I heard you say, and correct 
me if I am wrong, when you are making comparisons you are saying that 
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you used— I think it was figure 4 on your chart— that you used North 
American factors in your analysis with Dr. Mann’s? 

Dr. Wegman. Dr. Mann himself used North American— what he 
called the North American PCI proxy which was a composite based on 
the principal of component methodology of North American tree rings. 

Mr. Stupak. Sure. 

Dr. Wegman. And that is what— we replicated that, yes. 

Mr. Stupak. So in your analysis, you used just North American, 
right? 

Dr. Wegman. We used the North America proxy. 

Mr. Stupak. The PI, the P2- 
Dr. Wegman. The PCI - 

Mr. Stupak. -and the P3? 

Dr. Wegman. Yes. 

Mr. Stupak. PC. I am sorry. PCI, PC2. But didn’t really Dr. 
Mann use 12 proxy indicators from all over the world? 

Dr. Wegman. We were not trying to do paleoclimate 
reconstruction. We were trying to illustrate what happened if you did— 

Mr. Stupak. Sure. 

Dr. Wegman. —the principal component— 

Mr. Stupak. Dr. Mann used 12 proxies to come up with his 
analysis. You took three from North America. Is it fair to say then that 
using from throughout the world would have a different result than if you 
just looked at the three in North America? 

Dr. Wegman. Let us be clear. He was doing Northern Hemisphere, 
NH, reconstruction. He wasn’t doing global reconstruction in— 

Mr. Stupak. But if you take a look at his report, and I know you 
did, they talk about Tasmania, taking tree rings from there, Morocco, tree 
rings from there, France, the Greenland stack core which we talked 
about, the ice core, polar Urals, again, the tree ring density. It seemed to 
me he took them from all over the world where your focus is only on 
North America. So how could you make the comparison then when you 
use global statistics as opposed to just one part of the world in doing your 
measurements? 

Dr. Wegman. Well, I am not sure I understand what you are getting 
at. The— 

Mr. Stupak. From a layperson who is not a statistician, I would 
think if you are going to compare Dr. Mann’s statistics, if you will, you 
would use all of them as opposed to— 

Dr. Wegman. Our discussion— 

Mr. Stupak. —just three of them. 

Dr. Wegman. Our discussion is on Dr. Mann’s methodology, not 
his conclusions in terms of paleoclimate— 



113 


Mr. Stupak. But you charted, did you not? Didn’t you use X axis, 
Y axis and chart it all out and that is why you got different than the 
hockey stick? You only used three where he used 12. 

Dr. Wegman. No, no, no. We used the same data to get the hockey 
stick in that one figure— 

Mr. Stupak. From North America? 

Dr. Wegman. From North America. 

Mr. Stupak. And he took his from the worldwide. 

Dr. Wegman. No, no, no. 

Mr. Stupak. That is not what table one says. 

Dr. Wegman. What we said was that we used that comparison 
chart that we had that showed the hockey stick. The comparison was 
meant to show that if— 

Mr. Stupak. Right here, yes? 

Dr. Wegman. That is it. If you go to the top chart by using his 
methodology on the same set of data and the bottom chart is what you 
would get if you did the centered data, if you did it properly 
mathematically. So the point— 

Mr. Stupak. But yours is only on PCI, PC2— 

Dr. Wegman. Soishis- 
Mr. Stupak. -and PCS. 

Dr. Wegman. -in that picture. 

Mr. Stupak. So you are saying that picture was only PCI, PC2- 

Dr. Wegman. Thatis- 

Mr. Stupak. -PCS from Mann. 

Dr. Wegman. We are using exactly the same data in the top picture 
and the bottom picture. 

Mr. Stupak. Okay. Thank you. 

Mr. Whitfield. The gentleman’s time has expired. Dr. North, in 
the testimony today, there seems to be universal agreement that the 
temperature is going up and in the last century it went up about one 
degree Fahrenheit, I believe is what most people have agreed to, and 
there has also been a lot of testimony that for a period of time between 
1500 to 1800, whatever, that there was a period in which there was a 
cooling off. So I just want to zero in on this. You have said and others 
have said and I think there is universal agreement that we are going 
through a warming trend, and it has been said by some people that that 
might not be surprising coming from a cooling off period that you would 
normally get warmer going through a warming trend. So the question 
that I would ask, as you look into the future, how much warmer can it 
become before it is something that we should really be alarmed about 
from your viewpoint, from experiences? 
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Dr. North. Well, I will say this— well, two things. One is about the 
Little Ice Age and is it simply a recovery. In other words, is the Earth’s 
temperature a kind of oscillating thing and that the slope upward now is 
just recovery from a Little Ice Age which was apparently maybe some 
natural phenomenon. Well, I am not sure that that is actually the right 
picture. We don’t know exactly the true origins of the Little Ice Age but 
some studies, in fact, a very good one by Tom Crowley, who will be 
speaking later, suggests that this is due to a series of volcanoes during 
that period which caused a cooling. It was not a great cooling but some 
cooling. So now it is— you know, now that we are going through a period 
when they are not as frequent as they were at that time, the Earth is 
simply warming back toward equilibrium from that. But now we are 
also forcing the warming with the CO 2 and other greenhouse gases that 
are being emitted into the atmosphere. So while if we look at the future, 
what we might think is that by the end of this century the warming, if it 
continues and we do nothing about it, will probably be somewhere 
between about three degrees Fahrenheit and about eight degrees 
Fahrenheit. Well, three may not be so bad. Eight would be pretty bad, 
pretty bad. And so in fact, even three is not as benign as you might 
think. You know, you can look at— for us in our everyday life, three 
degrees Fahrenheit doesn’t seem to mean anything. People after all live 
in Minneapolis and they live in Houston. But it really does affect 
conditions. Tree lines move. There is a tree line that runs right up the 
center of the United States along 1-35 between Austin and Minneapolis. 
Mr. Whitfield. Right. 

Dr. North. That tree line can move hundreds of miles depending 
on just a couple of degrees or changes in moisture. So what looks like to 
us in our everyday life not very much, if these things persist for a long 
time, there are broader ecological responses at these kind of low 
frequencies that are important. So, I don’t know all of the bad or good 
things that might happen. I mean, there would probably be some winners 
and losers in a situation like this. And I have to confess to you, I don’t 
know enough about it. 

Mr. Whitfield. But you know as we grapple with this, we have 
like a 250-year reserve of coal in America. We all want to be less 
dependent on foreign oil. There are some people that don’t want to use 
fossil fuel at all, it would be better to come up with new innovation, new 
technology and move on to something cleaner and that can be a goal of 
ours. In representing a coal area of the country, I have a lot of 
constituents who come up to me and they will say well, sure, there is 
some carbon dioxide caused by human beings but there is more carbon 
dioxide emissions caused by natural processes. Now, I would just like to 
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get your views on that comment. Is there any basis for that or is that just 
somebody— 

Dr. North. There is a lot of carbon dioxide emitted into the 
atmosphere every year and a lot of absorbed back into the system every 
year, in fact, many times what humans put in. The problem is this. 
There was an equilibrium established between what is going out and 
what is drawn back down every year by the system. The oceans and the 
biosphere, there is this exchange that goes on all the time. The problem 
with this is that the time scale, the time constant, as we say, is quite long. 
It takes a couple of hundred years for these adjustments to re-establish 
themselves, so if you dump in the carbon dioxide much more rapidly 
than the system can accommodate, it builds up in the atmosphere. If we 
were to wait several hundred years, then things may come back down, 
but we don’t have that luxury. So the fact is, we are pouring it in there 
faster than the system can dispose of it. That is the way— 

Mr. Whitfield. Thank you very much. Who is next over here? 
Mr. Inslee. 

Mr. Inslee. Thank you. Just on that note. Dr. North, I have heard 
the CO 2 that we put in today in the atmosphere could be there as long as 
100 years? 

Dr. North. A couple of hundred years. 

Mr. Inslee. I want to use Dr. Wegman’s expertise to try to 
understand an interesting phenomenon. You talked about social 
networking. I thought you could give us some insights about that. Dr. 
Naomi Oresky of the University of California at San Diego published a 
study in Science magazine some time ago. She and her team selected a 
large random sampling of 928 articles about global warming that have 
been published in peer-reviewed scientific journals and she wanted to 
look at what they said, these 928 randomly selected peer-reviewed 
articles about whether they accept or reject or question the idea that 
humans are contributing to global warming. Of 928 studies, what do you 
think percentage questioned the proposition or rejected or even cast 
doubt on the proposition that humans were causing global warming? 
What do you think. Dr. Wegman? What percentage? Zero. Zero 
percentage of the scientifically peer-reviewed articles drew the same 
conclusion that my good friend Joe Barton drew, that there is doubt 
about this. Zero. Now, my question is, another study looked at 636 
randomly selected articles about global warming chosen from the New 
York Times, the Washington Post, the L.A. Times, and the Wall Street 
Journal. Of those randomly selected publications and those well- 
respected publications, what percent cast doubt as to the cause of global 
warming? What do you think? 

Dr. Wegman. Probably about 50 percent. 
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Mr. Inslee. Fifty-three percent. You win the prize for the day of 
closest guess, or as you say, estimation. Over half of the popular articles 
suggested there is a significant question as to whether or not humans are 
contributing to global warming but zero percentage of the peer-reviewed 
science. Now, I believe that is one of the reasons that Congress has not 
acted on this because frankly, the press is creating doubt where there 
isn’t any. So the question of a social scientist, the social networks, do we 
have a problem with the press that are hanging out in the bars all together 
too much too like the climatologists or what is your explanation for this 
huge anomaly? 

Dr. Wegman. Well, there is no doubt in my mind that there are two 
camps in the publication literature as well in the popular press and, they 
are competing just like I suggested that academics compete in social 
science that there is two networks that are trying to promote different 
agendas. 

Mr. Inseee. Well, my point is, I hope the press starts to get off the 
story of doubt and get on the story of a scientific consensus which exists 
in those 900 articles, and no one should report this hearing unless they 
say that because both you and Dr. North and every single person who is 
going to testify today is going to say that there is a scientific consensus 
that humans are responsible for at least a portion of the global warming 
that is taking place. Now, I want to ask Dr. North if we can put this slide 
up here about the CO 2 and go back to the one he had there just a moment 
ago. Dr. North, I gave some of a very inarticulate description of how 
carbon dioxide works to trap energy in the planetary system. Could you 
give a little better explanation? We will see that all the scientists, 
everybody has projected levels of approximating double of pre-industrial 
times if we don’t change our course. Could you explain in a little better 
way how carbon dioxide affects the energy balance of the Earth? 

Dr. North. I will try. First of all, carbon dioxide is well mixed in 
the atmosphere so it isn’t just lying down on the surface. It is very well 
mixed. This process takes a few months but— and in fact, if you emit it in 
one hemisphere of the Earth, it takes about a year or two before it 
homogenizes throughout the world. So whether you emit your gas, your 
CO 2 in Texas or anywhere else, it doesn’t make any difference. It winds 
up homogeneous throughout the world. So what happens now? So the 
sunlight comes in, passes right through the CO 2 and warms the ground. 
The ground in contact with the atmosphere through latent heat release, 
that is, evaporation from the surface and just sensible heat convection to 
the surface warms the atmosphere. So and then we establish an 
equilibrium because the radiation going out to space matches exactly 
what comes in over a long-term average. So that is the energy balance of 
the Earth. Now, suppose you turn up the carbon dioxide a little bit in the 
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atmosphere. Well, one thing that happens is, since the gas homogenizes 
all through the planet, all around the planet. The level up in the 
atmosphere where the CO2 emits to space goes up a little bit and higher 
in the atmosphere, 50 meters or something like that if you double it. 
That means it emits from a cooler place in the atmosphere once you have 
doubled it. That means the amount going out isn’t as much as it was 
before. So what happens is, you have to warm the surface in order to 
regain the equilibrium. That is a complicated explanation. But in the 
process right in the middle of this, you warm the planet a little bit, more 
water comes into the atmosphere from the oceans and other wet surfaces. 
Water vapor is also a greenhouse gas so this process gets amplified 
maybe a factor of two. So basically, I mean, what you said about the 
blanket is more or less right. A slightly more technical discussion is 
well, when you put in more of this stuff, it now emits from a higher place 
from a cooler surface rather than a warm surface so the radiation out to 
space is less, you have got to warm up the planet to match again. Sorry 
for such a long-winded answer. 

Mr. Whitfield. Thank you. The gentleman’s time has expired. 
Mr. Walden. 

Mr. Walden. Thank you very much, Mr. Chairman. Dr. North, 
what are some of the biggest natural emitters of CO2? 

Dr. North. Well, there are many. Decaying biological matter is 
one, so rotting, decaying at the floor of the great forests and all over the 
planet, respiring animals and so forth. So there are many— 

Mr. Walden. What about forest fires? 

Dr. North. Forest fires contribute but not nearly as significant as 
these other natural products, and also volcanoes of course emit CO2 but 
on our scale, I mean, that is sporadic. It does happen from time to time 
and of course it is the historical origin of CO2 in our atmosphere but— 

Mr. Walden. And what consumes— 

Dr. North, —it is not important. 

Mr. Walden. What consumes CO2? 

Dr. North. So what consumes CO2 is the biological matter, the 
photosynthesis process, so sunlight is combined with— 

Mr. Walden. Plant matter— 

Dr. North, —chlorophyll in the plant leaves and that is converted 
to— so it removes CO2. 

Mr. Walden. So younger, healthier plants and trees consume more 
CO2 than older, dying— 

Dr. North. As they grow, they consume. Right. You are making 
wood with the carbon. 

Mr. Walden. Because I also in my other part in the Congress chair 
the Subcommittee on Forests and Forest Health and we see— 
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Dr. North. That is very important. 

Mr. Walden, —these overgrown, decaying and dying forests. We 
see fires occur that emit far more than CO2. They emit a lot of other 
noxious gases. They have— 

Dr. North. Sure. 

Mr. Walden. You know, the smoke will settle on the valleys. I 
mean, it causes all kinds of problems and then the decaying matter sits 
there for 3 or 4 years rather than being processed and a new forest 
planted sooner. Are you aware of any research that would indicate that 
by planting sooner, getting a healthy forest a start faster, you might begin 
consuming carbon quicker than just leaving it to regenerate naturally? 

Dr. North. Well, you are getting way off from my field but, 
intuitively, yes. 

Mr. Walden. All right. Dr. Wegman, in your report, it is page 27, 
you say a common phrase among statisticians is correlation does not 
imply causation, and you go on to say the variables affecting Earth’s 
climate and atmosphere are most likely to be numerous and confounding, 
making conclusive statements without specific findings with regard to 
atmospheric forcings suggests a lack of scientific rigor and possibly an 
agenda. What do you mean by that? 

Dr. Wegman. Well, as we— when we were talking about tree ring 
growth, for example— 

Mr. Walden. Right. 

Dr. Wegman. —there are many, many factors. Moisture as well as- 

Mr. Walden. Carbohydrates. Right. 

Dr. Wegman. And nitrates, for example, that are emitted into the 
atmosphere. All of those affect tree ring growth. 

Mr. Walden. Can you pinpoint temperature in a tree ring? 

Dr. Wegman. Well, presumably there is some element of that. I 
am not an expert on tree ring dendrology but presumably all other factors 
being equal, if things are warmer, there is more sunlight, there is a longer 
growing season, presumably the trees are going to have wider tree rings. 
So the issue though is the confounding factors. If you simply say that 
this tree ring growth, what is called the late wood density, is higher, that 
means the temperature is higher and ignore all the confounding factors, 
you are certainly not teasing out what really is the temperature. 

Mr. Walden. Now, we have seen the slide a couple of times from 
my colleague from Washington, Mr. Inslee, that shows CO 2 levels back 
160,000 years. Can either of you tell me, how do we know with 
precision what happened 160,000 years ago? 

Dr. North. Would you like me to— 
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Mr. Walden. Sure. Maybe from you, Dr. Wegman, statistically, 
what does that mean and how do you evaluate it, and Dr. North, from 
you maybe, the science behind— 

Dr. Wegman. Well, we have read actually Bradley’s work on this 
material so essentially when snow gets deposited, it gets compressed, 
ultimately it becomes a second layer called a firn, f-i-r-n, and then 
ultimately ice and when the snow gets compressed it has ice, so it has 
bubbles of air in there and presumably what is happening is that as they 
drill ice cores down and go further into the past, presumably 160,000 
years of ice, they can look at these microscopic bubbles of air and get the 
greenhouse gas composition associated with that. So that is again a 
statistical estimation process— 

Mr. Waeden. Are you comfortable with that process as a 
statistician, not as a— 

Dr. Wegman. Well, presumably that curve that we have seen a 
couple of times from Congressman Inslee should have error bars as well 
associated with it. 

Mr. Waeden. Should have what? 

Dr. Wegman. Error bars associated with it, imprecision, how much 
variability there is. 

Mr. Waeden. And do we know what that would be? I guess he has 
left. So we are— it is much like the criticism Dr. North had of the Wall 
Street Journal report where it lacked the 95 percent— 

Dr. North. Yes, we would like to see those error bars. That is 
very— 

Mr. Waeden. Yes, we would like to see it as politicians in our polls 
too to know, what plus or minus are we dealing with here. Thank you, 
Mr. Chairman. Thank you, gentlemen. 

Mr. Whitfieed. Ms. Schakowsky. 

Dr. North. I would like to point out that we now actually can go 
back 650,000 years. Six hundred and fifty thousand years in Antarctica 
in the past year. 

Mr. Waeden. With precision? 

Dr. North. Just not 150 but 650,000 years, still no CO 2 at this 
level. 

Mr. Waeden. There is still no what? 

Dr. North. No CO2 at this same concentration. 

Mr. Waeden. I see. Thank you. 

Ms. Schakowsky. I wanted to explore a little bit the statement that 
Chairman Barton made. He was referring to, I think it was 1975 or 
sometime in the 1970s when apparently there was a prediction of 
cooling, that actually the planet was getting cooler, and here is my 
question, and maybe I am not asking the right one and you could fill me 
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in on that. But could not— and he used it, I thought, as making the point 
that science is not conclusive. But I am wondering if one could not also 
see it as a confirmation that human activity is in fact causing fairly 
dramatic change in the climate, something that may not have been 
factored in in 1975 but the science based on sort of older predictors. So I 
just wanted to ask how to interpret— and first of all, is that the case that it 
was predicted to be a cooling period? Let me ask Dr. North, the climate 
scientist, first. 

Dr. North. Yes, there was a prediction made in the 1970s by Reed 
Bryson, a professor at Madison. He probably gave us all a hard time 
about this because I have heard this a thousand times in the last year or 
so, few years. So but, there are two competing factors. There is the dust 
in the atmosphere, the tiny aerosols, tiny droplets of water and they come 
from air pollution and volcanoes and other things but mainly air 
pollution in our urban areas, manufacturing processes and so on. So out 
come these tiny droplets. Well, they scatter the sunlight back to space 
and therefore tend to cool the planet a little bit. The other competing 
factor is the greenhouse gases. They have been rising, and especially 
during the war when there was a lot of energy produced and not very 
much regulation on what was allowed to go into the atmosphere. At that 
time there was actually— the aerosols were kind of winning the war, 
winning the war of balancing the heat in the atmosphere, so there was a 
cooling that did occur and probably Reed Bryson was right and that that 
was probably the dominant effect. But it didn’t take very long the way 
we are putting the greenhouse gases in exponentially. The greenhouse 
gas is increasing roughly a percent per year all together, so this is an 
enormous rise in the other competing factor which causes the warming. 
So the thinking is that the warming has now become much greater than 
the cooling due to the aerosols. 

Ms. SCHAKOWSKY. And haven’t we— because of the hole in the 
ozone layer, haven’t we reduced aerosols or— 

Dr. North. Well, the ozone layer, I would give— that is a 
completely different story, so I would rather we not get off to that. 

Ms. SCHAKOWSKY. Okay. There was another scientific question I 
wanted to ask you and again I am not sure how to phrase it. There was 
something about variability, and isn’t there a conclusion that could be 
made that if there is a great variability, that that might be something that 
we really need to worry about in fact that the effects of carbon dioxide in 
the atmosphere in fact may be worse than we thought if we are— 

Dr. North. Yes. There are natural fluctuations in the system just 
as weather tickles the whole system and the whole thing rumbles. I 
mean, we have a climate system that sort of rattles around, so this is the 
part that we call natural variability. It is a kind of noise in the system. 
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But then when we apply these nudges that are continuous, then we get a 
secular trend and the noise on top of it. And by the way, that does tend 
to be a linear process. There have been many, many studies with climate 
models, and while of course they are not perfect, they do imitate the 
atmospheric climate system quite well, and for small nudges like the 
ones we are talking about, I mean, they seem to us to be quite big but in 
fact, in that system, they are tiny. We are changing the temperature a 
degree or two Kelvin compared to 300, so they are tiny. So this is 
actually a fairly linear process. The signals that we see in the system 
from warming and cooling and other things, pretty linear, not that 
nonlinear. So natural variability is there and we worry that we don’t 
understand every bit of it. For example, it could be that there are slow 
processes in the climate system such as the deep oceans, the overturning 
and so on of the deep oceans, and it could be that that is the underlying 
reason for whatever this medieval warm period was. We are not sure 
about that. It could be that some warm water surfaced. What we know 
now though is that that is not the cause of the warming in the last 50 
years. The warming in the last 50 years could not have been because of— 
we now have data. We know that is not the reason. In fact, if we look at 
the map of warming, we see that it is warming more over the continents 
than it is over the oceans. They are being pulled along because they are 
not as heavy, they are not as inertial. So the fingerprints of the warming 
are exactly what we would expect if carbon dioxide were the reason. 

Now, as we go back 1,000 years, we don’t have all that information 
to put in there to check it out so we don’t know exactly why that might 
have happened then but we have a very good idea of what has been going 
on the last 100 years. 

Ms. SCHAKOWSKY. Thank you. 

Mr. Whitfield. The gentlelady’s time has expired, and Ms. 
Baldwin, you are recognized. 

Ms. Baldwin. Thank you, Mr. Chairman. As has been referenced 
earlier in several opening statements and some questions, we know how 
the tobacco industry wanting to keep doubt in the public mind and in fact 
in 1993 the Wall Street Journal published a front-page expose on how 
the tobacco industry had kept the public doubt alive about whether 
smoking caused cancer. For four decades the big tobacco companies 
funded a sham research organization to feed the public doubt about the 
health effects of smoking, and despite smoking being responsible for 
over 400,000 deaths a year, that strategy worked tremendously well for 
decades. The Wall Street Journal quoted one big tobacco employee who 
said, and I quote, “The scientists can come from Mars but no matter how 
obscure or misbegotten, as long as they are willing to tell the scientific 
lie that it is not proven, the tobacco industry is off the hook.” In May of 
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this year, we learned that some of the same people who worked on 
tobacco also worked to confuse the consensus on global warming. Mark 
Hurtsgard reported in Vanity Fair that for 20 years Dr. Frederick Siete 
directed $45 million in medical research for R.J. Reynolds to maintain a 
hint of doubt about the hazards of smoking. In the 1990s Sietes turned 
his attention to global warming. Dr. Sietes assaulted the integrity of the 
Intergovernmental Panel on Climate Change on the op-ed page of the 
Wall Street Journal. He accused the Clinton Administration of 
misrepresenting the science and authored a paper which said that global 
warming was an exaggerated threat. 

These people have a plan. They want this hearing to stand for the 
proposition that there is not a consensus on global warming and they 
have stalled action for a decade or two and they think they can drag it out 
even longer. So Dr. North, I am wondering if you can help put this in 
context. Dr. Mann had concluded that the late 20^^ Century warmth in 
the Northern Hemisphere was unprecedented during the last 1,000 years. 
You said very clearly in your testimony that Dr. Mann’s conclusion has 
been subsequently supported by an array of evidence. We have a high 
level of confidence that late 20^^ Century is the warmest period the planet 
has seen in the last 400 years and you found it was plausible that the 
planet is warmer than it has been in 1,000 years. Is that a fair summary? 
Dr. North. Yes. 

Ms. Baldwin. You said it was plausible that the planet is warmer 
now than it has been any time in the last 1,000 years. Has anyone 
provided affirmative evidence that there has been a warmer period in the 
last 1,000 years? 

Dr. North. No, we have not. That is what we mean by plausible, 
that there just doesn’t seem to be any counter information, so it is a 
reasonable thing to— 

Ms. Baldwin. Is it plausible that human beings have caused 
greenhouse gas emissions that are contributing— I am sorry. Let me put it 
in the negative. Is it plausible that human-caused greenhouse gas 
emissions are not contributing to global warming? 

Dr. North. It is not plausible. 

Ms. Baldwin. How confident is the scientific community that 
human emissions are contributing to global warming? Seventy-five 
percent, 80 percent? 

Dr. North. In the scientific— in the climate science community, I 
think that Mr. Inslee’s quote about the number of papers and who says 
yes and who says no tells the story. 

Ms. Baldwin. Okay. 

Dr. North. It is hard to find anyone who works in this field who is 
opposed. I mean, if somebody can come up with a really good physical 
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explanation for why this is false, they will win the Nobel Prize. So there 
are a lot of people who might be attracted to the idea but we can’t find 
any. 

Ms. Baldwin. Well, finally, I just want to ask you about the IPCC 
report since we have been hearing a lot about it. Does the NRC report in 
any way discredit the IPCC’s 2001 third assessment report? 

Dr. North. Well, we have some differences with the details of the 
hockey stick curve and we said that. We are a little less confident. I 
mean, our error bars as we have been saying, our margin of error is a 
little larger than what was stated in that report and that is natural. As we 
go on and learn more, we adjust and adapt. So, no, we don’t believe 
individual years— Dr. Wegman said this, and we agree. We don’t trust 
individual years, the 1998 or 2006 or something as being the warmest of 
any time period because we can’t state things to that degree. 

Ms. Baldwin. Just to clarify, my question was, did your report in 
any way discredit the IPCC’s 2001 third assessment report? Would you 
view— 

Dr. North. No, we wouldn’t— 

Ms. Baldwin, —what you are describing as discrediting that report? 

Dr. North. No, it doesn’t discredit it. 

Ms. Baldwin. Okay. Thank you. 

Mr. Whitfield. Thank you, and after almost 5 hours, that 
concludes the first panel, so we should be through with the second panel 
in about 10 hours. Dr. Wegman, I want to thank you very much and Dr. 
North for your testimony and obviously this is a subject matter of great 
interest and importance and we thank you for your testimony, and now I 
look forward to the second panel and so I will release you all. And on 
the second panel we have another distinguished group of individuals. 
Mr. Thomas Karl is director of the National Climatic Data Center from 
Asheville, North Carolina. Dr. Thomas Crowley is the Nicholas 
Professor of Earth System Science at Duke University. Mr. Stephen 
McIntyre of Playter Boulevard in Toronto Canada, and then Dr. Hans 
von Storch, who is the director of the Institute for Coastal Research who 
flew to this meeting from Germany exclusively for this meeting, and Dr. 
Storch, how do I pronounce the name of your town in Germany where 
you are from? On here it says G-e-e-s-t-h-a-c-h-t. 

Dr. von Storch. Geesthacht. 

Mr. Whitfield. Geesthacht. Okay. Anyway, we welcome all of 
you, and as you know, this is an Oversight and Investigations hearing 
and it is our customary manner to take this testimony under oath and I 
would ask you, do any of you have objection to testifying under oath? 
And I am assuming you do not need legal counsel. So if you would 
please raise your right hand. 
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[Witnesses sworn.] 

Mr. Whitfield. Thank you very much. You all are now under 
oath, and Mr. Karl, we will start with you and we will recognize you for 
your 5 -minute opening statement. 

STATEMENTS OF DR. THOMAS R. KARL, DIRECTOR, 

NATIONAL CLIMATIC DATA CENTER; DR. THOMAS J. 

CROWLEY, NICHOLAS PROFESSOR OF EARTH SYSTEM 

SCIENCE; DR. HANS VON STORCH, DIRECTOR OF 

INSTITUTE FOR COASTAL RESEARCH; AND MR. 

STEPHEN MCINTYRE, TORONTO, ONTARIO 

Dr. Karl. Mr. Chairman, members of the committee, I am pleased 
to have the opportunity to testify before you today. I am the Director of 
NOAA’s National Climatic Data Center. The National Climatic Data 
Center houses the World Data Center for Paleoclimatology, which 
includes the data sets that have been used to reconstruct temperatures for 
the past 1,000 years or more. 

I was one of the two coordinating lead authors for chapter 2 of the 
Intergovernmental Panel on Climate Change, the IPCC 2001 assessment. 
The primary intent of the IPCC periodic assessments is to provide 
government policymakers with the latest and most comprehensive 
scientific information possible about the human influences on our global 
climate in a language that has meaning and relevance to government 
policymakers. Our responsibility as coordinating lead author was to act 
as co-chair during the lead author chapter meetings. Each chapter has 
multiple lead authors and chapter 2 had 10 lead authors. Chapter 2 was 
to assess the data for changes and variations in climate. Coordinating 
lead authors are ultimately responsible for ensuring that the final version 
of the chapter is delivered to the IPCC bureau on schedule. Each chapter 
is agreed to by all lead authors and discussed and reviewed with other 
chapter lead authors. There is a very lengthy review process which 
includes review editors to oversee the review process. In 2001 the IPCC 
report concluded, and I quote, “New analyses indicate that the magnitude 
of the warming over the 20^^ Century is likely to have been the largest of 
any century in the last 1,000 years,” and I emphasize warming here, the 
magnitude of the warming. Those are my words. “The 1990s are likely 
to have been the warmest decade of the millennium in the Northern 
Hemisphere and 1998 is likely to have been the warmest year.” These 
findings were developed after careful consideration of the published 
literature on this topic in 2001. 

The IPCC lead authors considered uncertainties related to two types 
of temperature reconstruction errors. Such errors can be thought of as 
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having two fundamentally different sources. I will use some technical 
terms. Parametric and structural, but I will define these. Parametric 
uncertainty, which results from finite sample sizes to estimate 
coefficients of a statistical model, is much less important than structural 
uncertainty. Human decisions that underlie the development of the 
reconstructed time series may be thought of as forming a structure 
depicting both real and artificial behavior in paleoclimatic data. 
Assumptions that guide the decisions made by the experts may not be 
correct. More important factors may have been ignored. These 
possibilities lead to structural uncertainty. Structural uncertainty can 
only be estimated by comparing the differences of equally plausible 
reconstruction methods. The IPCC 2001 lead authors were able to 
estimate structural uncertainty associated with the IPCC findings because 
of the availability of several reconstructed time series. 

It is important to note the language used by IPCC in the 2001 
assessment included an expert assessment of the certainty of various 
findings. The IPCC reported findings when the probability of being true 
reflected certainty between 66 and 90 percent, or in odds terms, better 
than two to one. Lead authors were asked to develop findings based on 
at least three levels of certainty, likely, better than two to one odds of 
being correct, very likely, better than nine to one odds, and virtually 
certain, better than 99 to one. These odds of probability were based on 
the lead author’s assessment of the published literature and in 
consideration of thousands of expert review comments. I note that such 
expert assessments in related fields such as the probability of 
precipitation forecasting have proven to be quite reliable. 

Several research teams have challenged the reconstructed 
temperatures featured in IPCC. These challenges are not without 
validity. But now each of the challenges have been assessed in a variety 
of new analyses. For the past several years there have been at least half a 
dozen new analyses using many of the same paleoclimatic data featured 
in IPCC 2001 as well as new data covering longer time periods or 
slightly expanded geographic coverage. Of all these analyses, none show 
temperatures during the past 1,000 years higher than the last few decades 
of the 20^^ Century and into the 2V^ Century. These analyses used 
different statistical methods, various types of paleoclimatic data and 
different temperature calibration approaches. 

In June, the National Research Council reassessed the 1,000-year 
reconstructed time series. The NRC not only assessed the paleoclimatic 
data but considered how well the data stands up to our ability to simulate 
the temperature record of the past 1,000 years. The NRC found that for 
the most part, climate model simulations are consistent with 
reconstructed paleoclimatic data of the Northern Hemisphere. The NRC 
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report indicates it is plausible, as we heard, that the last few decades of 
the 20^^ Century were warmer than any other time during the past 1,000 
years. I note the NRC does not define the odds of probability associated 
with the term “plausible.” In contrast to IPCC 2001, the recent NRC 
report did not highlight the rate of temperature increase during the 20^^ 
Century compared to the previous 10 centuries. I note the rate of 
temperature increase is also relevant to our ability to adapt to changes in 
both our society as well as the planet’s ecosystems. 

In order to improve our estimates of reconstructed temperature, more 
proxy records await our extraction. Setting out to extract and calibrate 
proxy paleoclimatic data is necessary but not sufficient to reduce further 
uncertainty. The data from proxies must also be accessible by the 
broader science community for analysis. At the present time there is no 
formal process whereby federally funded scientists must submit their 
data to a long-term data archive facility for use by the general 
community. 

In conclusion, considering the additional evidence since the IPCC 
2001 assessment, I would extend the IPCC 2001 statement about the 
Northern Hemisphere temperatures in the 1990s being higher than any 
other decade during the past 1,000 years with probability of better than 
two to one to include the most recent two decades. 

Thank you, Mr. Chairman and committee members, for allowing me 
the opportunity to discuss and inform the committee. 

[The prepared statement of Dr. Thomas R. Karl follows:] 
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DR. THOMAS R. KARL 

DIRECTOR, NATIONAL CLIMATIC DATA CENTER 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION (NOAA) 
U.S. DEPARTMENT OF COMMERCE 

FOR AN OVERSIGHT HEARING ON 
THE CLIMATE CHANGE HOCKEY STICK 

BEFORE THE 

COMMITTEE ON ENERGY AND COMMERCE 
SUBCOMMITTEE ON OVERSIGHT AND INVESTIGATIONS 
U.S. HOUSE OF REPRESENTATIVES 

JULY 19, 2006 

Mr. Chaimian and Members of the Committee: As Director of the National Climatic Data 
Center, which is part of the National Environmental Satellite, Data, and Information 
Service (NESDIS) within the National Oceanic and Atmospheric Administration 
(NOAA), and as Program Manager for one of five different NOAA Climate Goal 
Programs (Climate Observations and Analysis), I am pleased to have the opportunity to 
testify before you today. The National Climatic Data Center houses the World Data 
Center for Paleoclimatology which includes the data sets that have been used to 
reconstruct temperatures of the past millennium. 

I was one of two Coordinating Lead Authors for Chapter 3 of the Intergovernmental 
Panel on Climate Change (IPCC) 2001 Assessment which contained a number of 
statements related to temperature change over the past 1000 years. Chapter 3’s remit was 
to assess the data for changes and variations in climate. Coordinating Lead Authors act 
as Chairs during the Lead Author chapter meetings. Each chapter has multiple Lead 
Authors, and Chapter 3 of the 2001 IPCC Assessment had ten Lead Authors. The 
Coordinating Lead Authors are ultimately responsible for ensuring that the final chapter 
is delivered to the IPCC Bureau on schedule. Each Chapter is agreed to by all Lead 
Authors and discussed and reviewed with other Chapter Lead Authors. The IPCC has a 
very comprehensive review process. Review Editors are assigned to each chapter to 
oversee the review process. 

My testimony reviews how the Lead Authors of the 2001 IPCC Assessment developed 
the various findings contained in that Assessment. Since 2001, there has been 
considerable additional work related to this topic. I will relate this new work to the 
findings in 2001 and the June 2006 National Research Council Report on this same topic. 

I also note that IPCC has an updated policy-makers summary for the Fourth Assessment 
scheduled for release in 2007. 

The primary intent of the IPCC periodic assessments is to provide government policy- 
makers with the latest and most comprehensive scientific information possible about 
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human influences on our global climate in a language that has meaning and relevance to 
governmental policy-makers. The IPCC assessments have, however, provided much 
more. From purely a scientific perspective, participation in the IPCC process is 
extremely beneficial, as it provides the means for the world’s scientists to discuss 
leading-edge issues with rigorous worldwide scientific review. The IPCC process 
ensures that the scientists who participate gain from the process a fuller appreciation of 
where important pay-offs in new research and observing systems are most likely to 
emerge. This has important impacts on our nation’s climate change programs including 
the Climate Change Science Program. 

The IPCC 2001 Assessment 

In 200 1 the IPCC had several key findings related to changes of temperature during the 
past 1000 years. This included the time prior to the advent of measuring temperatures 
with modem instmments such as thermometers, or from more sophisticated methods such 
as remotely sensed spectral radiances from satellites. Temperatures derived prior to 
using modem instmments are referred to as the pre-instmmental temperature record. 

Data from the pre-instmmental period back to 1000 A.D., and up through instmmental 
period make up what has come to be called the “hockey stick” temperature time series. 
The 200 1 IPCC Assessment included the following findings regarding climate change 
over the past millennium: 

• New analyses indicate that the magnitude of the warming over the 2(f^ century is 
likely to have been the largest of any century in the last 1,000 years. 

• The 1 990s are likely to have been the warmest decade of the millennium in the 
Northern Hemisphere and 1998 is likely to have been the warmest year. Because 
less data are available, less is known about annual averages prior to 1,000 years 
before the present and for conditions prevailing in most of the Southern 
Hemisphere prior to 1861. 

• Evidence does not support the existence of globally synchronous periods of 
cooling or warming associated with the ‘Little Ice Age ’ and ‘Medieval Warm 
Period^ However a reconstructed Northern Hemisphere temperature does show 
a cooling during the if^ to 19^^ centuries and a relative warm period during the 
if to the if^ centuries, although the latter period is still cooler than the late 
century. 

• Analyses of borehole temperatures^ indicate a non-linear increase in global 
average ground surface temperatures over land of 1.0 ± 0.3°C over the last 500 


The heat received from the atmosphere at the earth’s surface is conducted into the underlying soil and 
rock. It takes considerable time for this heat to work its way down to deeper layers earth. This transfer of 
heat occurs constantly over time, and with current methods the signal is strong enough to estimate 
temperatures about 400 years before the present. Time series of such temperatures are referred to as 
borehole temperatures and these measurements are used to relate profiles of temperatures with depth to the 
history of temperature changes at the ground surface. 
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years, with most of the increase occurring since the late 19^^ century. There may 
be additional uncertainties due to the assumption used in this technique, and 
decreasing resolution back in time limits confidence in the exact timing of the 
warming. ” 

These four findings were developed after careful consideration of the published literature 
on this topic. At that time several new analyses of Northern Hemisphere temperatures 
had become available. The work of Dr. Michael Mann and his colleagues (Mann et al., 
1998) enabled the IPCC to consider, for the first time, the rate and strength of the 20^*^ 
Century warming in comparison to temperatures over the past 1000 years. It is unlikely 
however, that this work alone could have led the IPCC to the findings listed above. Two 
other different reconstructions (Jones et al., 1998; Briffa, 2000) of Northern Hemisphere 
temperatures were also considered that were based on a smaller set of proxies^. Unlike 
Mann’s time series data that reflected annual temperatures, these other reconstructed 
temperatures best reflected summer temperatures and were limited to Northern 
Hemisphere land areas. One reconstruction used various types of proxies and the other 
used tree ring density (as opposed to tree ring width). Additionally, other proxies without 
annual resolution such as borehole ground temperatures and glacial length were 
considered in the IPCC (2001) findings. A limiting factor in all these analyses is the 
sparseness of proxy data, especially as one goes further back in time. 

Similar to the recent U.S. Climate Change Science Program Synthesis and Assessment 
Product 1.1, the IPCC lead authors considered uncertainties related to two types of 
construction errors. Such errors can be thought of as having two fundamentally different 
sources: parametric and structural. Parametric uncertainty, which results from limited 
data to estimate the coefficients of various equations in a statistical model, is much less 
important than structural uncertainty. The human decisions that underlie the 
development of the reconstructed temperatures may be thought of as forming a structure 
for depicting real and artificial behavior in the temperature data. Assumptions that guide 
the decisions made by the experts in selecting specific analysis techniques may not be 
correct, or important factors may have been ignored. These possibilities lead to structural 
uncertainty. Structural uncertainty can only be estimated by comparing the differences of 
equally plausible reconstruction analysis techniques. The IPCC 2001 lead authors were 
able to estimate the structural uncertainty associated with the IPCC findings because of 
the availability of several reconstructed temperature time series. 

It is important to note that the language used by IPCC in the 2001 Assessment included 
an expert assessment of the certainty (or uncertainty) of the various findings. The IPCC 
used the following descriptive terms to represent uncertainty: “virtually certain” indicated 
a greater than 99% probability of being true (odds better than 99 to 1), “very likely” 
reflected a certainty of between 90% and 99% (odds better than 9 to 1), and the term 


A proxy climate indicator is a local record that is interpreted, using physical and biophysical principles, to 
represent some combination of climate-related variations back in time. Climate-related data derived in this 
way are referred to as proxy data. Examples of proxies are: tree ring records, characteristics of corals, and 
various data derived from ice cores. 
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“likely” reflected a certainty of being true between 66% and 90% (odds better than 2 tol) 
of the time. Similar expert assessments of certainty (or uncertainty) have proven to be 
quite reliable in related areas of the science, such as weather forecasting. 

The total measure of uncertainty for the findings in the IPCC Assessment incorporates 
both the parametric and structural uncertainty of the reconstructed temperatures. In 
developing the 2001 Assessment, the IPCC Coordinating Lead Authors and Lead Authors 
debated whether to use the terminology “likely” versus “very likely” in describing the 
rate of 20* Century warming, the warmth of the 1990s, and that of 1998 as record highs 
in comparison with the annual temperature record of the preceding 1000 years. The final 
decision was to use the term “likely.” 

This reasoning was based on the newness of the reconstructed temperature results and the 
limited number of analyses that were available. These factors reduced our confidence in 
the reconstructed time series reflecting the “hockey stick” curvature late in the record, 
and led to the selection of the use of the term “likely.” The term “likely” reflects a much 
lower threshold of scientific rigor than is normally associated with more confident 
findings (as mentioned above, the term “very likely” is linked to odds better than 9 to 1). 
“Likely” was thus selected as the modifier for the various findings related to the rate of 
temperature change in the 20* Century and the warmth of the 1990s and 1998 in 
comparison with the previous 1,000 years for the Northern Hemisphere. 

Since IPCC 2001 

It is common practice in science to challenge new results and test them under different 
conditions. Replication of results is a key component of science. The results of these 
tests are critical to scientific advancement. Indeed, the work of Dr. Michael Mann and 
his colleagues has brought an opportunity to test and refine the various techniques of 
developing reconstructed temperatures. Several research teams have challenged the 
technique used by Mann and colleagues to develop reconstructed temperatures. This 
includes criticisms of the weight given to specific proxies, the statistical method used and 
its propensity for underestimating multi-decadal temperature variability, and the short 
period of overlap with the instrumental record available to calibrate proxy data. These 
challenges are not without validity, but now each of them has been assessed in a variety 
of new analyses. 

Over the past several years there have been many new analyses using many of the same 
proxy data Mann and colleagues used, as well as new proxies including longer time 
periods or slightly expanded geographic coverage (Esper et al., 2002; Briffa and Osborn, 
2002; Mann and Jones, 2003; Briffa et al, 2004; Moberg et al., 2005; Rutherford et al., 
2005; Esper et al., 2005; D’Arrigo et al., 2006; Hegerl et al., in press). Of all these 
analyses only one shows temperature during Medieval times higher than those of the 
early 20^ Century, and none of the analyses show temperatures higher than the last few 
decades of the 20* Century and into the 21®^ Century. The various analyses used 
different statistical methods, proxies, and temperature calibration approaches. 
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In addition, there have been new analyses of glacial length, borehole surface 
temperatures, corals, and isotopic records of low latitude ice cores (Oelermans, 2005; 
Cole, 2003; Pollack and Smerdon, 2004; Hoffman et al., 2003; Vuille and Werner, 2005; 
Vuille et al., 2005). These analyses indicate that the later half of the 20* Century is 
certainly warmer than any time during the past several hundred years (based on the length 
of the borehole and glacial length proxies) and the past 1200 years (based on isotopic ice 
core records). 

In June the National Research Council (NRC) reassessed the so-called “hockey stick” 
reconstructed time series. The NRC Report not only assessed the observational data, but 
considered how well the data stands up to our ability to simulate the temperature record 
of the past 1000 years. The NRC found that for the most part, given the various 
limitations of our knowledge about the history of important causes of climate variations 
and change (such as changes in solar variability and volcanic eruptions), the climate 
model simulations are consistent with the inferred large-scale tree-ring and multi-proxy- 
base reconstructions of the Northern Hemisphere temperature. 

The NRC Report indicates it is plausible that the last few decades of the 20* Century 
were warmer than any other time during the past 1000 years. The NRC has less 
confidence in quantifying the relative warmth of a specific decade or year because of the 
difficulty in calculating and estimating uncertainties at this high temporal resolution, e.g., 
by specific year or decade. It should be noted, however, that the NRC Report did not use 
language similar to IPCC. In the IPCC Assessment (2001) significant findings are 
highlighted when the odds are as low as 2 to 1 in favor of being correct, while a more 
stringent level of scientific certainty is usually imposed on new results (e.g., better than 
20 to 1) within the scientific community. The NRC Report went on to state that the Little 
Ice Age from 1500 to 1850 “is supported by a wide variety of evidence.” Further, it 
notes that evidence for Medieval Warm Period “can be found in a diverse but more 
limited set of records.” Jones et al. (1998) and Osbom and Brifiia (2006) provide local 
paleoclimatic proxies back to 1000 A.D., or earlier, showing that the Medieval Warm 
Period was not a hemispheric-wide phenomena, unlike the warmth of the past few 
decades. In contrast to IPCC 2001, the recent NRC Report did not highlight the rate of 
temperature increase during the 20* Century compared to the previous ten centuries. 

Reducing Uncertainties 


To improve our estimates of reconstructed temperature more paleoclimatic proxy records 
await our extraction. This includes ice cores, corals, sediments at the bottom of the sea, 
and tree rings among other types of proxy records. As stated in the IPCC 2001 
Assessment, more proxies fi-om the Southern Hemisphere would be of great value, as we 
are unable to estimate Southern Hemisphere temperatures prior to a few hundred years 
ago. The recent NRC Report also emphasizes the value of increased geographic coverage 
for longer-term proxies (earlier than -1600 A.D.). In addition, the power of any single 
type of proxy is greatly increased when combined with other proxy records to develop 
multi-proxy data sets, or to estimate the uncertainty of the reconstructed temperature time 
series. 
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Setting out to extract and calibrate proxy paleoclimate data is a necessary, but not a 
sufficient condition to narrow our uncertainties related to quantifying and attributing past 
climate variations and change. The data from the proxies must be made publicly 
available for analysis. At the present time, there is no formal process whereby federally- 
funded scientists must submit their data to a long-term data archive facility for use by 
others. The submission of data to institutions like NOAA’s National Climatic Data 
Center’s World Paleoclimatic Data Center requires significant investment of time by the 
principal investigators who collected the data to provide the useful information about the 
proxy data to the receiving Data Center. In addition, if such data are submitted, a 
significant investment by the Data Center would need to be made to ensure the data are 
useable to others in perpetuity and safeguarded for future generations. Some initial 
discussions to help formalize such transactions are beginning to emerge. 

This concludes my testimony. Thank you for allowing me the opportunity to help inform 
the Committee on this topic. 
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Dr. Crowley. Thank you very much for the opportunity to present 
my testimony. I will briefly state my credentials and give a short history 
of the Mann et al. paper with respect to the Intergovernmental Panel for 
Climate Change report. 

As background, I received a Ph.D. in marine geology from Brown 
University and I specialized in study of the Earth’s past climates. Over 
the last few years I have spent part of my time working on climate 
change over the last 1,000 to 2,000 years. You have gone over some 
aspects of the Mann et al. paper ad nauseum so I am going to skip over 
some elements of what I am going to say and then discuss aspects of how 
I perceived the Mann et al. report was included in the IPCC, okay. I was 
not part of IPCC but I am familiar enough with some of the science that 
was going on that I thought it might be useful. But it is my perception of 
it, okay. 

So with respect to the inclusion of the Mann et al. report, especially 
into the summary for policymakers, at that time there were three 
reconstructions that went back 1,000 years, okay, at the time of the IPCC 
3, so back to the Middle Ages. Now, one of the reconstructions— Mann 
et al. was the second to come along. One of the reconstructions uses 
completely different methodology from Mann et al., and if I could have 
the second figure there, okay, and I can’t read that very well. Really 
focus on, if you can even read, the right axis, okay. That is temperature 
variations. Forget the left axis there, and that is time over the last 1,000 
years, and the Mann et al. reconstruction is in green. That is decadally 
smooth Mann et al., reconstruction, okay. And this other reconstruction 
which I was involved in really stemmed from a discussion I had at a 
meeting where people say well, I don’t believe Mann, and there was 
nothing written about it. They just say they don’t believe Mann. And so 
out of this grew, I said okay, I got so exasperated. We just— I will go 
analyze some data myself and just see what it looks like, and we 
deliberately took a very different approach rather than using what they 
call the sealed method for reconstructing a temperature. We took this 
other methodology which has the scientific term “bonehead” associated 
with it in which we just added up all the individual curves and took the 
average, okay. And the reason we do that in part is so we can see exactly 
in the terms of the curve here, you can understand exactly how your 
composite curve originates from the nature of the raw data, okay, and 
that is real easy. If there is a bump, you can go back to the raw data and 
see where it came from, okay. And the other reason for doing that is 
geological data is by definition dirty data and sometimes it is very 
helpful sometimes to be somewhat conservative in the statistical 
methodologies you employ. So what we did is, the bonehead approach 
using some of the data from Mann et al. but other records also, some of 
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which have been cited as indicative of a medieval warm period, and even 
though some of these records locally clearly show temperatures locally 
warmer than 20^^ Century during the Middle Ages, when we summed up 
all the different records, we got a pattern that was surprisingly similar to 
what Mann had gotten as you can see from the red curve there. Yes, 
there are some differences there but the similarities look a lot more— you 
know, a lot— there are more similarities than there are differences there. 
We stopped our analysis in 1960, okay, so that is why we don’t get this 
big tail at the end. But over most of it is pretty similar. So this was in 
some way was a very— it was a surprise. I had no idea what it would look 
like, but it suggested that the Mann et al. result might be robust in terms 
of its pattern about the relative magnitude of warmth in the Middle Ages 
and what was happening there, when you go back to the raw data which 
you can easily do with this type of reconstruction, the reason we didn’t 
get a very warm medieval warm period was that whereas some places 
were warm, others were cold at the same time so when you averaged 
them, it came out to some value in between. So we understood then why 
that happened, why we were getting that result. 

Now, there is a follow-up to that. Our reconstruction, we weren’t 
trying to say it was better than Mann or anything. We were just trying to 
do what is called a sensitivity test on the Mann et al. result, okay. Now, 
the Mann et al. result was the only paper that actually estimated the 
sensitivities, the uncertainties of your conclusion which Dr. North has 
emphasized is very important, and for that reason, I believe it was 
legitimate to include that, to select that as the paper that would go in to 
highlight the millennial perspective for IPCC because it was the one that 
had the objectively determined uncertainties in the reconstruction, okay. 
So that is how it wound up in IPCC and they had some additional 
information that it might be okay. 

Now, science progresses and sometimes past conclusions have to be 
modified. A notable example with respect to IPCC involves this 
significance of satellite upper air data that previously had not agreed with 
model predictions. Now they seem to, okay. That is just the way science 
goes. Similarly, some papers have been published since the IPCC 
suggesting greater variability than Mann et al., and contrary to claims of 
the Wegman report, and again, I should point out here, I apologize for 
the sometimes poor use of terms that I have used to describe Dr. 
Wegman and I apologize to Dr. Wegman for that. But contrary to the 
claims in that report, one of these reconstructions used a completely 
independent data set for verification. 

Can we have the next figure, please? And I was hoping to have a 
pointer, but the main point here is what you see here is— I just want to 
spend a little bit of time on this because you are seeing basically the 
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same net conclusion as you see from Mann et al. even though we had 
greater variability that Mann et al. in this reconstruction, and again, this 
is sort of a slightly sophisticated update of the bonehead methodology, 
okay. So it is bonehead squared or something. But what you see here is 
we have reconstructions here in blue and red and yellow, different length 
of time series, but it goes back to about 500 A.D., and we have 
uncertainties assigned to these reconstructions based on the uncertainty 
in the overlap interval with the instrumental record here. But the 
difference we get is that we have a completely independent validation 
based on the methodology data from borehole measurements of heat flow 
in the Earth’s interior, okay. That is completely independent from the 
data we use. And statistically, we actually have two borehole scientists 
on our team for that paper plus two sets of statistical climatologists, I 
might add, that the relationship between this low resolution borehole 
record and this higher resolution surface reconstruction are 
indistinguishable and yet the variations you see here are much greater 
than what you see in Mann et al., okay, the variability. We have a 
slightly warmer medieval warm period than Mann et al. but even there if 
you take decadal smoothing there, that peak value here in the medieval 
warm period really at best approximates what happens in the mid-20^^ 
Century, all right? And again, because of the nature of the way we 
combine the data, we understand exactly why it doesn’t get really warm, 
okay. And so this is a paper that is coming out— well, it has actually been 
accepted by the Journal of Climate and will be out sometime later this 
year. So this is one of the things we don’t agree with Mann in terms of 
variability. Others, Mann has updated his reconstruction and he still 
believes that it is the same. So there are still differences in the fleld but a 
number of other studies show higher variability at that time. 

The interesting point about the higher variability and you have to be 
really aware of this is that it is not— some people may— it almost seems 
sometimes in reading papers that people enjoy disproving Mann, okay, 
but one of the things you have to be aware of, you have a reconstruction 
that has higher variability and greater warming in the Middle Ages. 
What it means is, your climate system has higher sensitivity, okay, than 
the Mann et al. reconstruction which has only small wiggles, okay, and 
high climate sensitivity carries over to what the implications are for 
carbon dioxide forcing because the only— sensitivity means that if you 
have a certain amount of forcing, you either get a small response or a big 
response, okay. You have a system with low sensitivity, then it doesn’t 
wiggle much. If that was true for carbon dioxide, you wouldn’t have to 
worry about it. You just close the door and throw away the key and keep 
burning oil until you want. If it has a high sensitivity though, you have 
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to start worrying, and the implication of this result is that climate 
sensitivity is much higher than before, okay. 

So now, I may be almost out of time here, okay, because I have spent 
a lot of time on this. I have a few comments— 

Mr. Whitfield. Dr. Crowley, you are about 4 minutes over your 
time, but if you want to summarize, then there will be plenty of questions 
for you as well. 

Dr. Crowley. Okay. I just wanted to highlight a couple points on 
the Wegman report. I am not going to talk about their assessment of the 
Mann et al. thing. That is really— I disagree with them with respect to 
their recommendations and I will just summarize these disagreements, 
one being that the interactions with the statistics community have really 
increased very significantly and I think that Dr. Wegman and his 
colleagues may have been working with— had a small sample problem 
just looking at some of the paleoclimate papers because in fact it is a 
rather substantial improvement in the interactions between real 
statisticians and the climate— and percolating down into the paleoclimate 
community, and that is true even for the IPCC. The key chapter in the 
new IPCC report actually has a statistician and a statistical climatologist 
as co-lead authors of this chapter, okay. So they are being well 
integrated into the process. 

And finally, with respect to authors should not assess their own 
work, this sounds fine in theory but in practice it seems almost 
unworkable because who else but experts can produce an expert report. 
And with respect to the IPCC, I think it is a marvelous document. It 
involves hundreds of scientists, reviews of thousands of papers, and 
received on the order of 10,000 comments for each of the earlier drafts. 

Mr. Whitfield. Are you about ready to conclude. Dr. Crowley? 

Dr. Crowley. So my feeling is that it is a very, very thoroughly 
reviewed and vetted manuscript and I think it is just about the best thing 
we have. 

[The prepared statement of Dr. Thomas J. Crowley follows:] 

Prepared Statement of Dr. Thomas J. Crowley, Nicholas Professor of Earth 
Science System, Duke EFniversity 

I thank the committee for the opportunity to submit my response to the findings of 
the NRC and Wegman Reports. As background to my testimony, I will briefly state my 
credentials. I received a Ph.D. in marine geology from Brown University and have a long 
interest in the history of the Earth’s past climates, both from a modeling and 
observational viewpoint. I have published about 100 peer-reviewed papers and have co- 
authored a book on the subject. I have worked in academia, the private sector, and at two 
government agencies - at NSF as a program director in climate and at NASA/Goddard 
Space Flight Center as a National Research Council senior fellow. I am presently the 
Nicholas Professor of Earth Systems Science in the Nicholas School of the Environment 
at Duke University. 
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Because this hearing has been called to better understand the influence of the much- 
discussed 1998 and 1999 papers by Michael Mann, Raymond Bradley, and Malcolm 
Hughes, I think it would be useful to provide a brief scientific background to the subject. 
Prior to 1998 there had been only one attempt to summarize the various types of data 
from past climate to get a broader picture as to how it has changed over the last few 
centuries. In 1998 Mann et al. introduced a new technique to develop more quantitative 
estimates of the nature of climate change since AD 1400 for the northern hemisphere, and 
in 1999 the group extended that record back to AD 1000 and concluded that the late 20^^ 
century warming was the largest in the last 1000 years. This report was among a number 
of scientific studies highlighted in the IPCC Third Assessment Report (TAR) to conclude 
that “there is new and stronger evidence that most of the observed warming over the last 
fifty years is attributable to human activities”. 

With respect to the committee’s interests in whether the objectivity of the IPCC with 
respect to the Mann et al. studies I elaborate on several points below. At the time of 
IPCC TAR it represented the best estimate of past millennial temperatures and their 
uncertainties, and that the most important conclusion from IPCC (stated above) does not 
depend on the Mann et al. papers for its credibility, and are even more robust today than 
they were in 2001. 

The final part of my presentation involves a number of objections, both major and 
minor, to the Wegman Report. 

I have five main points to make concerning the following subjects: 

(1) The relation between the Mann et al paper and the IPCC Third Report in 
2001 . The Mann et al paper was certainly influential in the IPCC Third 
Assessment Report (TAR), but so were many other papers. But the papers 
that made the biggest difference were the ones focusing on the instrumental 
record in which it was shown that models and data could not be reconciled 
unless an anthropogenic greenhouse influence was invoked. The most 
compelling driver of all was the fact that global temperatures kept going up 
and up since the 1996 report, and meltback of glaciers increased in many 
parts of the world. I might add that this trend has only accelerated since 
2001, with melting in the Arctic and on Greenland reaching alarming levels. 

(2) The Mann et al paper in and of itself At the time of IPCC TAR there were 
two other reconstructions going back to the Middle Ages, with decadally 
smoothed data showing, at best, past millennial temperatures comparable to 
the mid-20^^ century warm interval. One reconstruction (Crowley and 
Lowery, attached) using a completely different methodology agreed with 
Mann et al. quite well (Fig. 2). However, Mann et al. was the only paper of 
the three that estimated uncertainties, and it is no surprise that this paper was 
the one chosen to highlight the millennial perspective for IPCC. The 
significant criticisms of the Mann et al. paper that have been published since 
2001 are by definition after the fact with respect to IPCC TAR. 

(3) The present state of our knowledge on millennial changes Science always 
progresses and sometimes past conclusons have to be modified. A notable 
example with respect to IPCC involves the significant reassessment of 
satellite upper air data that previously had not agreed with model predictions 
of increasing air temperatures in that region; new assessments indicated that 
the models and data were now in approximate agreement. Similarly, some 
papers have been published in the last five years suggesting greater 
variability than Mann et al. Contrary to the claims of the Wegman Report, 
one of these reconstructions (Hegerl et al., attachment 2) uses a completely 
independent data set from borehole measurements (fig. 3) of the effects of air 
temperature change on heat flow in the upper part of the Earth’s crust. 
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Because Mann et al. have more recently obtained results similar to their 
earlier work, but now using a different methodology, it continues to be 
necessary to understand the causes of differences among the different 
reconstructions before the estimates of higher temperature variability can be 
accepted. Even if the latter estimates ultimately prove to be more accurate, 
there is no room for gloating (as sometimes seems evident in discussion of 
the newer results), for the higher variability inevitably implies a higher 
climate sensitivity, which is a cause of much more serious concern for either 
the committee, or society at large. By this I mean that for any given level of 
climate forcing from carbon dioxide, the expected temperature response 
would be larger than it would if the Mann et al. reconstruction was ultimately 
deemed to be the “final word” on the magnitude of past climate change (see 
Hegerl et al., third attachment). 

(4) The claim of unusual level of warmth for the late 20^^ century is still valid for 
all but one of the new reconstructions . Contrary to the conclusions of the the 
Wegman report, there is reason to believe in the unique nature of late 20^^ 
century warmth (this is the only major point in which I differ from the NRC 
report). Although the early millennium records are small in number, the 
composite reconstruction agrees in the overlap interval (A.D. 1500-1960) 
with reconstructions using more extensive data sets. Furthermore, 
examination of the raw data indicates that even in the high latitude northern 
hemisphere they show regional variations in the timing of warmth that is 
much greater than in the late 20^^ century. In other words, some regions are 
warm and some cold - a very different pattern from the late 20^^ century, 
where almost every region has warmed over the last 100 years. It is 
therefore no surprise that, when these records are composited, the sum value 
is smaller than for the late 20^^ century. 

(5) The conclusions and recommendations of the Wegman Report have some 
serious flaws . In addition to a number of technical errors, large and small, 
the following comments can be made in the bullets on page two of the 
committee’s summary of findings (fact sheet): 

(a) bullet one ( concerning specifics of Mann et al .) - responses discussed 
above 

(b) bullet two - “ many of the proxies are reused in most of the papers. . ..it 
is not surprising that would obtain similar results ...” This almost 
sounds as if it is wrong for everyone to use the best existing data! 
The more important point, and one not stated, is that different 
methodologies are employed by each of the investigators. 
Furthermore, there is nothing wrong with talking to or even 
collaborating with someone else in a field that you respect, and has 
expertise that you don’t have. The Wegman Report almost seems to 
imply that collaboration is equivalent to collusion, a result that would 
apply to the Wegman Report itself if that were always true. 

The inference in the same bullet concerning the failure of the peer 
review statement is an oversimplification. The anonymity of peer 
review still allows papers to be rejected, as almost any scientist can 
testify. As a former NSF program director, I have had significant 
opportunity to evaluate the peer-review system. It is not perfect but in 
general the best work gets funded. For publications, editors usually 
select a variety of reviewers who cover the different expertises in the 
study. But it is just not practical to expand the number of peer 
reviews for many publications - the work load is just too onerous for 
the reviewing pool, and most people will simply decline the request to 
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review the papers. Finally, I would like to eomment that the Wegman 
Report now before the eommittee has not undergone any extensive 
peer review from anyone in the elimate eommunity prior to its 
submission to the eommittee for inelusion into the reeord and, most 
problematieally, possible use as a guide to further reeommendations 
by the eommittee. 

(e) Bullet three - the researehers do not seem to be interaeting with the 
statistieal eommunity . This statement is based on a small subsample 
of paleoelimate papers. Overall, there is inereasingly strong 
ineorporation of statistieal methodologies in the elimate seienees, 
ineluding inereased interaetions with statistieians. For example, the 
National Center for Atmospherie Researeh has had a postdoetoral 
program for statistieians for thirteen years. A key projeet jointly 
funded by DOE and NOAA for deteetion and attribution of elimate 
ehange involves not only several statistieal elimatologists but also 
explieitly seeks out input from statistieians. The present (and key) 
IPCC Fourth assessment ehapter on deteetion and attribution of 
elimate ehange has a statistieian and statistieal elimatologist (with a 
training in applied mathematies) as eo-lead authors. Statistieians are 
weleome to respond to any of the ehapters in the review proeess. 
From these statements it is elear that the Wegman Report is 
somewhat uninformed with respeet to the effort to inelude statistieians 
in the IPCC review proeess. 

I might add that interaetions between geoseientists and statistieians 
have long been hampered by what ean only be deseribed by some as a 
eondeseending attitude from some statistieians that geoseientists were 
not employing the most reeent, state of the art statistieal methods. 
Sueh attitudes almost guarantee subsequent poor eommunieation and 
fail to reeognize the unusual nature of “field laboratory” geoseienee 
data, whieh are very different than “elosed laboratories” where the 
eonditions of an experiment are well eontrolled. The latter types of 
data require an intimate understanding of the raw data and simpler, 
more robust statistieal methodologies that reeognize the limitations of 
sueh data. 

(d) Bullet four - authors of poliev assessment should not assess their own 
work . This statement may sound fine but in praetiee but seems almost 
totally workable. Who else but experts should produee an expert 
report? The third and fourth IPCC reports involved hundreds of 
seientists around the world, a review of thousands of papers, and 
reeeived on the order of 10,000 eomments in the early stages of drafts. 
The final summary for polieymakers requires a vote - by government 
representatives of the signatory nations — on every single sentenee 
before it is aeeepted! I ean attest from personal experienee that the 
resultant high quality of the IPCC doeuments make them ideal ehoiees 
for teaehing graduate and professional eourses beeause they are by 
definition our best statement on the present state of knowledge of the 
elimate system. It is ineoneeivable to me that a report of this quality 
eould be produeed by a group of nonspeeialists. 

(e) Bullet five - paleoelimate data does not provide insight into physieal 
proeesses The statement on physieal proeesses is eompletely wrong. 
In faet, paleoelimate modeling results indieate that about half of the 
deeadally sealed varianee between 1270 and 1850 ean be explained by 
natural variations in solar and (primarily) voleanie foreing. When 
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these foreings are earried over into the 20^^ eentury, they eannot 
explain the 20^^ temperature rise. Only greenhouse gases ean explain 
the rise, not only for the late 20^^ eentury, but also in part for the mid- 
20^^ eentury. 

In this same bullet the Wegman Report reeommends that federal 
researeh should emphasize fundamental understanding of the 
meehanisms of elimate ehange and should foeus on interdiseiplinary 
teams to avoid narrowly foeused diseipline researeh. I find this to be 
an extremely naive statement. Climate studies are among the most 
interdiseiplinary field that one ean imagine - as just one example I 
submit a eopy of a paper (attaehment four) on eauses of elimate 
ehange over the last millennium that diseusses ehanges in solar 
output, voleanism, traee gas variations in elimate, tree rings, iee eores, 
elimate models, impaet of vegetation, ete ete. There are many other 
examples of interdiseiplinary aetivities. 

As a former program direetor at the National Seienee Foundation, I 
think I ean also speak for many present program managers in federal 
ageneies eoneeming the laek of interdiseiplinary aetivities on different 
projeets. This interdiseiplinary is the eore eoneept of terms sueh as 
“Global Change” and “Earth Systems Seienee” and as sueh the 
ageneies have made a great effort at supporting interdiseiplinary 
researeh. Furthermore, every major modeling group in IPCC 
addresses a host of interdiseiplinary seienee. 

But it would be a big mistake to forget the lone investigator. 
Sometimes the most fundamental findings in a field eome from these 
lone investigators (who may nevertheless have mueh eontaet with 
many others). There must be room for individual ereative seienee in 
elimate seienee. 

Summary and Coneluding Remarks In my view the debate over the Mann et al 
paper is a tempest in a teapot. It is legitimate material for seientifie diseussion but the 
implieations with respeet to the operations of the IPCC are unproven and seemingly 
based, in my opinion, mueh more on repetition of innuendo than on any real faets. 
Although there is always a need for enhaneed interaetion with the statisties eommunity, 
the laek of eommunieation is seriously misrepresented in the Wegman Reprot. I believe 
that this report should not be used as either a legitimate assessment of the seienee or as a 
guide to poliey modifieation. Finally, I believe it is time to stop using Miehael Mann as a 
whipping post and to start direeting attention to the more important matters of whether 
anything should be done about global warming, and if so, what? 

Attachments: 

1. Crowley, T.J., and Lowery, T.S., 2000. How warm was the Medieval Warm 
Period? Ambio (publieation of the Royal Swedish Aeademy of Seienees), v. 
29, no. l,pp 51-54. 

2. Hegerl, G.C., Crowley, T.J., Allen, M., Hyde, W.T., Pollaek, H.N., Smerdon, 
J., and Zorita, E., 2006. Deteetion of human influenee on a new, validated, 
1500 year temperature reeonstruetion. Journal of Climate (aeeepted). 

3. Hegerl, G.C., Crowley, T.J., Hyde, W.T., and Frame, D.J., 2006. Climate 
sensitivity eonstrained by temperature reeonstruetions of the past seven 
eenturies. Nature, v. 440, 1029-1032. 

4. Crowley, T.J., Causes of elimate ehange over the last 1000 years. Science, v. 
289, 270-277. 
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||||a^Sm||||| Thomas J. Crowley and Thomas S. Lowery 

How Warm Was the Medieval Warm Period? 


A frequent conduston based on study of individual records from the 
so-called Medieval Warm Period (-1000-1300 A.D.) is that the 
present warmth of the 20*^ century is not unusual and therefore 
cannot be taken as an indication of forced climate change from 
greenhouse gas emissions. This conclusion is not supported by 
published composites of Northern Hemisphere dimate change, but 
the conclusions of such syntheses are often either ignored or chal- 
lenged. In this paper, we revisit the controversy by incorporating 
additional time senes not used in earlier hemispheric compilations. 
Another difference is that the present reconstruction uses records 
that are only 900-1000 years long, thereby, avoiding the potential 
problem of uncertainties introduced by using different numbers of 
records at different times. Despite dear evidence for Medieval warmth 
greater than present in some individual records, the new hemispheric 
composite supports the principal condusion of earlier hemispheric 
reconstructions and, furthermore, indicates that maximum Medieval 
warmth was restricted to two-three 20-30 year intervals, with com- 
posite values during these times being only comparable to the mid- 
20''' century warm time interval. Failure to substantiate hemispheric 
warmth greater than the present consistently occurs in composites 
because there are significant offsets in timing of warmth in different 
regions; ignoring these offsets can lead to serious errors concerning 
inferences about the magnitude of Medieval warmth and its relevance 
to interpretation of late 20*’ century wanning. 


INTRODUCTION 

For many years it has been widely known that a "Medieval” 
warm perir^ occurred during an interval generally cited as be- 
ing approximately 1000-1300 A.D. (e.g. 1-7). For example, 
grapes suitable for wine-making were reportedly grown in ^g- 
land (2), and the tree line in Scandmavia was 100-200 m higher 
than present (8). But were all of these changes synchronous, with 
hemispheric amplitudes comparable to or wanner than present? 
Very early in the discussion of this period a number of authors 
(1, 3, 4) pointed out that there were some significant phase off- 
sets between the timing of warmth in different regions. Two re- 
cent (9, 10) Northern Hemisphere temperature reconstructions 
support the idea of Medieval wanning being at most compara- 
ble to the mid-20'‘' century Northern Hemisphere temperature 
peak (that is, about 0.3°C cooler than the decadal average of the 
1990s). 

Despite these compilations there are still widespread differ- 
ences of opinion as to the relative wannth of the so-called Me- 
dieval Warm Period (MWP) vw-4-vw the present century (1 1). 
Some authors, especially greenhouse gas steptics (e.g. 12), con- 
tinue to extrapolate evidence from individual sites and small re- 
gions to infer that the present 20* century wannth is not unu- 
sual and is therefore evidence against a major effect of green- 
house gas changes on global climate. Because of the continued 
deb^e on this topic, it is revisited in this paper, with some dif- 
ferent choices in data, which are also analyzed in a different man- 
ner than previous studies. 

METHODS 

There are two principal differences between the present recon- 
stniction and those of Jones et al. (9) and Mann et al. (10): i) 
whereas the earlier reconstructions used a different number of 
records for different time intervals (with coverage for earlier time 
intervals sparser), the present reconstruction has almost the same 
number of records us^ for all time periods — there are a few in- 
stances of data cutoff problems at the ends of records but the 
numbCT of records is still more time-invariant than previous stud- 
ies; ii) a number of records (ice core, pollen, marine, historical 
climate recoitls) were chosen that were not included in either of 
the previous reconstructions; the justification for these inclusions 


is that these records have often been cited as evidence for Me- 
dieval warmth and it is important to test robustness of conclu- 
sions with respect to relative levels of Medieval wannth. 

Fifteen records were included in the summary (Fig. 1), with 
an attempt to obtain a balanced spread of sites from among the 
relatively small number of records that extend back approxi- 
mately KMX) years. Four records are from the westam two-thirds 
of North America — the White Mountain tree ring record from 
the lee of the Sierra Nevadas (13); tree ring records from cen- 
tral Colorado (14); and Jasper National Park, Alberta, Canada 
(15), and a poDen record from central Michigan (16). An oxy- 
gen isotope record from the western Sargasso Sea (17) was in- 
cluded, as were 6 sites from the northern North Atlantic/west- 
em European sector the central Greenland GISP2 5“0 ice core 
record (18); a historical sea ice/temperature record from Iceland 
(19); the central England temperature record (20) extended to 
lock) A-D. by Lamb (1); tree ring records from northern Swe- 
den (21); the Alps of southeastern France (22); and the Black 
Forest of Germany (23). The final set of 4 sites are from Asia: 
the Ural Mountains of western Siberia (24); a tree ring record 
from the Qilian Shan Mountains of western China (25); a 5’*0 
ice core record from the Dunde Ice Cap on the Tibetan Plateau 
(26); and a “phenological” temperature record from eastern 
China (3). This latter record is from the extensive historical Chi- 


Medieval wann period comparisons 



Figure 1. Scaled record of climate change based on IS sites discussed 
in text. Vertical grey bars indicate Intervals of maximum hemispheric 
warmth from Figure 2; see text for record citations. 
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nese data set (27) and is based on observations of changes in 
distribution of temperature sensitive biota and other climate in- 
dices. 

Of the 15 records chosen for this investigation only 6 were 
included in the Jones et al. (9) and Mann et al. (10) data bases. 
The records chosen are also less homogeneous than the records 
employed by Jones et al. (9) and Mann et al. (10) in terms of 
both type of index and their correlation with temperature. For 
example, the Iceland record (18) is primarily a winter index, the 
central Michigan pollen record (15) is an estimate of growing 
season temperature, the Swedish (21), Urals (24), and west China 
tree ring records correlate best with summer temperature, the 
Black Forest (23) record is based on 6”C measurements, and 
the central England record is an estimate of mean annual tem- 
perature (1). For reference, the Jones et al. (9) compilation is an 
esdmate of summer temperature and the Mann et al. (10) recon- 
struction is an estimate of mean annual temperature. 

Temporal resolution also differs from the eariier studies. While 
the Jones et al. and Mann et al. records have annual resolution, 
only 7 of the records from this study have such resolution. Five 
of Ae records have decadal-scale resolution and 3 have an av- 
erage sampling resolution of about 50 years (16, 17, 20). In a 
sense, these inhomogeneities can be considered in a positive light 
as a sensitivity test to the robustness of the conclusion of Medi- 
eval warmth, with the repeat analysis justified based on the sheer 
frequency with which such records are used to make broad-scale 
generalizations about the relative magnitude of warmth in the 
Middle Ages. 

With respect to analysis of the records they (Fig. 2) were 
scaled from 0 to 1, with annual resolution recorck first smoothed 
with an 1 1 -point Stineman filter to bring out tte lower frequency 
trends. The coarser resolution records (Michigan, Sargasso Sea, 
and central England) were interpolated to l-year intervals. Due 
to chronology uncertainties (± 50 years) in the Sargasso Sea 
record (17), the peak warming was deliberately reset by 20-30 
years to line up with maximum warming in the composite (see 
below); this was done to obtain an optimal configuration for 
maximum hemispheric warming so that the final conclusions 
would not be sensitive to chronology uncertainties. Because of 
the more uncertain temporal resolution of the Michigan pollen 
(16) and Sargasso Sea (17) records, we constructed 2 con^s- 
ites, the baseline without these 2 indices, and a second “full" 
composite with these 2 indices included. 

RESULTS 

A comparison of the individual climate records in Figure 1 and 
the hemispheric composites (Fig. 2) reveals some interesting pat- 
teans. The most prominent times of Medieval wannth in the com- 
posites are restricted to 3 relatively narrow intervals (1010-1040, 
1070-1105, and 1155-1190). Highest MWP wannth is in the 
middle interval of the composite section (Fig. 2) and is found 
in 8 of the 15 records (Fig. 1), a percentage comparable to the 7 
of 13 intervals that record the mid-20“’ century warm period. 
Subsequent to the third MWP decadal wanning, temperatures 
decrease to a 17* century minimum. This time period (approxi- 
matelyl580-1850) has long been known as the coldest part of 
the ‘little Ice Age” (LIA), with the beginning of this interval 
coinciding approximately with a pulse of volcanism in the late 
16* century (28). 

Despite the greater inhomogencity of the data set in the present 
composite, the basic features of the previous composites are pre- 
served in the present analysis (Fig. 2). Although the MWP tem- 
perature maxima in the different composites (Fig. 2) differ in 
relative magnitude they agree closely in timing. Correlations on 
the decadal band, using our baseline reconstruction with the 21- 
point. smoothed Jones et al. (9) and Mann ct al. (10) records- 
Justified to emphasize lower frequency variability-and account- 
ing for the autocoirelation of the time series, yield values of 0.75 


and 0.72, respectively, (p <0.01, with correlations being 0.74 
(p < 0.01) and 0.68 (p < 0.05) for our alternate (full) reconstruc- 
tion). For reference, the correlation between the 21-point 
smoothed Jones et al. and Mann ct al. records is 0.74 (p < 0.01). 
It is, therefore, clear that even a small, inhomogeneous data set 
can sometimes recover the basic features of hemispheric climate 
change, such as the Little Ice Age and nud-20* century warm 
period. This result supports the basic value of length-scale ar- 
guments concerning the relatively low number of independent 
samples needed to obtain reasonably reliable large-scale esti- 
mates of temperature (29, 30). 

The non-synchroneity of temperature changes referred to in 
the introduction is evident when comparing the shaded intervals 
of maximum wannth in the composite (Fig. 2) with the patterns 
in individual records (Fig. 1). For example, none of the records 
between Germany and western China — about 100° of longitude 
-contribute significantly to the peak MWP wanning from about 
1070-1 105. The oft-cited central England temperature record (1) 
contributes to the third MWP decadal warming (1155-1 190) W 
most of the wanning (1150-1290) postdates the final MWP peak 
in the composite. This response is shared by the Siberian and 
China records and is almost the inverse to the areas that were 
cool when a number of sites were warm between 1070-1 105. 

The spatial pattern for the center parts of two MWP warm in- 
tervals, the intervening cooler period (Fig. 2), and the mid-20* 
century warm period are compared in Figure 3. One difference 
between the Medieval and mid-20* century warmings involves 
the general restriction of peak MWP warming to the North 
American/Atlantic/westera Europe sector, whereas the mid-20* 
century warming appears to be more of a land-sea difference. 
There are broad similarities between the proxy mid-20* century 
warming and the instrumental record (31), but due to lack of 
proxy data in the highest latitudes we cannot substantiate the 
maximum mid-20* century warming along what appears to be 
the snow/sea ice edge in the Arctic/North Atlantic sector. More 
proxy data would be required to test the robustness of the con- 
clusion regarding spatial differences in warming pattern between 
the MWP and mid-20* century. 

Although it might be tempting to attribute the MWP decadal 
temperature increases to changes in the North Atlantic 
thermohaline circulation, this temptation should be avoided. Peak 
MftJieval warmth in central Greenland and Iceland, regions as- 
sociated with a strong North Atlantic Current and more active 
thermohaline circulation, occurs during a cool interlude during 
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Figure 2. Comparison of hemispheric composites from this 
study with Uiat of Jones et ai. (9) and Mann et al. (10). Shaded 
intervals refer to times of peak warmth (sea text). The dotted 
line indicates hemispheric composite values if two lower 
resolution records (Michigan p^ien reewd (16) and Sargasso 
Sea S'*0 record(17)J are added to the baseline composite (see 
text). Ail records have been scaled betvraen 0 and 1. 
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the MWP (Fig. 1). This and other temperature offsets may re- 
flect displacements of the meridional flow pattern of the upper 
air westerlies (3-5). Again, more geographic coverage would be 
required to test this hypothesis, although a relatively dense net- 
work of tree rings for North America (32) supports this type of 
response for the cold 17* centu^ clim^ fluctuation (Fig. 2). 

The new composite time series were converted to mean an- 
nual temperature in the following manner. The two composites 
were scaled to agree with the Jones et al. (31) instrumental record 
for the Northern Hemisphere over the intervals 1856-1880 and 
1920-1965 (too few of the proxies record information after this 
date). The reason for restricting the comparison to these two in- 
tervals involves the considerable deviation of the proxy time se- 
ries from the instrumental record over the interval 1880-1920 
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(Fig. 4). The deviation occurs in 5 of our records (White Moun- 
tains, Colorado, Urals, and west and east China records), has 
been observed before (10, 33) and been attributed to (10) anoma- 
lous tree-ring growth due to the late 19* century rise in CO 2 . 
Mann et al. (10) addressed this problem by removing the postu- 
lated CO 2 growth effect before estimating past temperatures. 
However, because this response also occurs in the Chinese phe- 
nological data set, another source of variance for high tree-ring 
growth rates cannot be excluded. The correlations between the 
present Ciowley-Lowery (CL) composite and the Jones et al. in- 
strumental record were tiierefore determined in two ways — one 
using the entire record 1856-1965 and the other using only the 
tie points 1856-1880 and 1920-1965, excluding the hypoth- 
esis^ interval of CC) 2 -ioduced tree ring growth. Correlations 
using the full time series are 0.55 (CL baseline) and 0.49 (CL 
full). Correlations using the 2 end member intervals are 0.87 (CL 
baseline) and 0.88 (CL full). All correlations are significant at 
the 1% level. Although all detrended correlations are significant 
at the 5% level, none explains more than 17% of the variance 
and are therefore of limited use from a paleoclimatic perspec- 
tive. 

Scaling the CL composites to the Jones et al. instrumental 
record (31) yields minimum LIA temperdures ~0.45-0.50®C less 
than the raid- 20* century - a result similar to the Mann el al. 
(34) estimate of ~0.40°C, but less than the -0.7“C estimate de- 
termined from borehole temperature estimates (35). Peak Me- 
dieval warming in our composites is with ± 0.05®C of the mid- 
20* century warm period. Average MWP temperatures (1000- 
1200) are only about 0.20°C warmer than the LIA interval of 
maximum cooling from about 1580-1840. If these numbers are 
substantiated by further investigations they would provide an 
important constraint on mechanisms for low-frequency climate 
variability. At this stage they can only be considered as estimates 
awaiting further clarifications of the reasons for the late 19* cen- 
tury divergence of the proxy records from the instrumental record 
and the disagreements between borehole and surface proxy 
records. 

DISCUSSION AND CONCLUSIONS 

To conclude, a new compilation of evidence for Medieval 
warmth indicates 3 relatively short-lived warming intervals 
(1010-1040, 1070-1105, and 1155-1190) that are comparable 

Figure 4. Comparison of mean annual temperature records (Fig. 2) 
from this study with 5-pt. Smoothed Mann et al. (10) reconstruction 
and the Jones et al. (31) Northern Hemispheric instrumental tempera- 
ture record. CL.adi.temp refers to the baseline composite adjusted 
to the JonM et al. record (see text); CL.full.S5,temp refers to all time 
series in the CL composite, with the Sargasso Sea (SS) record adjust- 
ed slightly in chronology to agree bettor with maximum warming in 
the hemispheric composite (again sse text for details). 


N. Hemisphere teropmtuie records (1000-1998) 



Year 


Ambio Vcd. 29 No. I. l^b. 20W 


<0 Royal Swedish Academy of Sciences 2000 
htlp://www.ambio.kva.se 


53 






146 


to the mid-lO'" century warm period. Scaling of the hemispheric 
composite to the Northern Hemisphere temperature records sug- 
gests that Little Ice Age temperatures were about 0.45-0.50°C 
colder than the inid-20® century warm period and that mean tem- 
peratures between 1000-1200 were only about 0.20°C warmer 
than the Little Ice Age. These results provide useful constraints 
on mechanisms of climate change on decadal-centennial time 
scales. For example, forced variations from COj, volcanism, and 
solar forcing have implicated as contributing to the mid- 
20* century temperature increase after the Little Ice Age (28, 36 - 
38), and changes in the latter may also have influenced the MWP 
(c.g.39). 

Because of uncertainties m the proxy-instrumental tempera- 
ture calibration, it is still difficult to unequivocably assert that 
the late 20* century wanning is significantly greater than the 
peak warmth of the Medieval Warm Period. But there is even 
less justification to assert the opposite-it is not possible to make 
a robust statement that the Medieval Warm Period was warmer 
than the last two decades. Similar conclusions can be derived 
from the sparser Southern Hemisphere data set of climate change 
over the last millennium (7, 9). 

In an earlier study, Bradley and Jones (40) questioned the util- 
ity of the term “Little Ice Age” in light of their findings con- 
cerning significant decadal-centennial scale variability and re- 
gional climate trends sometimes of opposite signs. Given the 
findings of this study a similar concern could be raised about 
the utility of the term “Medieval Warm Period”. Because mean 
ten^ieratures during this interval were wanner than the subse- 
quent Little Ice Age, we believe that the term Medieval Warm 
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Abstract: 

Climate records over the last millennium place the 20‘‘'-century warming in a 
longer historical context. Reconstructions of millennial temperatures show a wide range 
of variability, raising questions about the reliability of currently available reconstruction 
techniques and the uniqueness of late 20*^- century warming. We suggest a calibration 
method that avoids the loss of low-frequency variance. A new reconstruction using this 
method shows substantial variability over the last 1500 years. This record is consistent 
with independent temperature change estimates from borehole geothermal records, 
compared over the same spatial and temporal domain. The record is also broadly 
consistent with other recent reconstructions that attempt to fully recover low-frequency 
climate variability in their central estimate. 

High variability in reconstructions does not hamper the detection of greenhouse 
gas induced climate change, since a substantial fraction of the variance in these 
reconstructions from the beginning of the analysis in the late 13*^ century to the end of 
the records can be attributed to external forcing. Results from a detection and attribution 
analysis show that greenhouse warming is detectable in all analyzed high-variance 
reconstructions (with the possible exception of one ending in 1925), and that about a third 
of the warming in the first half of the 20* century can be attributed to anthropogenic 
greenhouse gas emissions. The estimated magnitude of the anthropogenic signal is 
consistent with most of the warming in the second half of the 20* century being 
anthropogenic. 
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1. Introduction 

Climate records over the last millennium provide observational information on 
natural climate variability on timescales of multiple decades and centuries. It is from this 
backdrop of natural climate variability that anthropogenic changes need to be 
distinguished (e.g., Mitchell et al. 2001; ID AG 2005). Reconstructions of pre- 
instrumental surface temperature have employed ‘proxy’ information derived from 
historical records, tree rings, ice cores, marine and terrestrial sediments (see review in 
Jones and Mann 2004; also Mann et al. 1998, 1999; Crowley and Lowery 2000; Cook et 
al. 2004; and Moberg et al. 2005) and subsurface temperatures measured in boreholes 
(Huang et al. 2000; Harris and Chapmann 2001; Beltrami 2002). A number of recent 
studies have used this information to estimate Northern Hemispheric temperature changes 
during the last 500-1000 years; these studies indicate a difference between the peak of the 
cold period in the 17* century and the mid-20* century warming that ranges from about 
0.4 to 1.0°C. 

Concern about the reliability of reconstructions of past temperature arises from a 
climate-model based evaluation of one of the reconstruction methods (von Storch et al. 
2004), which suggests that reconstruction techniques using methods based on ordinary 
least square regression for calibration fail to recover some of the low-frequency variance 
in the model’s true hemispheric temperature. However, the magnitude of the variance 
loss may be smaller than estimated by von Storch et al. (Mann et al. 2005, see also Wahl 
et al., 2006) and depends on the properties of the noise (von Storch et al., 2006). 

A further concern is that some tree ring data, which dominate the input to most 
high-resolution surface proxy composites, may not adequately recover low-frequency 
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centennial-millennial scale variability unless standardized to enhance low-frequency 
information (Cook et al, 1995; Briffa et al. 2001; Esper et al. 2002). These concerns are 
emphasized by the discrepancy between most surface proxy reconstructions and Northern 
Hemispheric borehole composites (see Jones and Mann 2004). One exception involves a 
recent reconstruction that bases its low-frequency variability on lower resolution 
sediment data from lake and ocean cores, and adjusts the variance to instrumental data 
during the calibration interval (Moberg et al. 2005). 

In this paper we propose a simple calibration method that does not lose variance. 
It is based on a total least squares fit that allows for proper accounting of noise in both 
proxy and instrumental data during calibration, yielding a reconstruction with realistic 
amplitude and uncertainty ranges. When applied to model-generated ‘pseudo-proxies’ 
that are sampled over the same locations, and show similar correlations to local 
temperatures, our approach captures the full range of past climate variability and provides 
a reliable estimate of uncertainty. We use this technique to reconstruct a decadal record 
over the past 1450 years. Over the last 500 years, this new record is consistent with 
borehole results over the same time and space domains, and shows similar levels of Little 
Ice Age cooling and Medieval Warm Period warming as other reconstructions using data 
and methods that aim at fully recovering low-frequency variance. 

Since the 20* century trend stands out less from trends in previous centuries in 
reconstructions with higher variance, high variance reconstructions have sometimes been 
used to question the importance of anthropogenic forcing. However, natural influences on 
climate, such as changes in volcanism and possibly solar radiation, are responsible for a 
substantial fraction of past climate variations (e.g., Robock and Free 1995; Crowley 
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2000; Hegerl et al. 2003; Bertrand et al. 2002; Weber 2005, Stendel et al., 2005). By 
quantifying the influence of external forcing on these high variance reconstructions, we 
find that high variability does not prevent confident detection and attribution of 
anthropogenic climate change. 

The paper is structured as follows: Section 2 introduces our reconstruction 
method, and Section 3 demonstrates the reliability of this method with climate model 
data. Section 4 compares our reconstruction with other high-variance reconstructions and 
borehole data. A detection and attribution method is applied in Section 5 to quantify the 
influence of external forcing on our reconstruction and other high variance 
reconstructions. We summarize results in Section 6. 

2. Reconstruction of hemispheric temperature variability 

Our new reconstruction of decadal Northern Hemispheric mean temperature is 
related to an earlier reconstruction based on a simple average approach (Crowley and 
Lowery 2000), but uses updated records, a modified reconstruction method, and a new 
calibration technique. The reconstruction consists of three individual segments: A 
baseline reconstruction uses 12 decadal records and covers the period to 1505. One 
longer, less densely sampled reconstruction, which we call CH-blend (long), is based on 
7 records back to to AD 946, and CH-blend (Dark Ages) consists of 5 records back to to 
AD 558. The three reconstructions are each based on equally long proxy records or 
regional proxy reconstructions based on multiple records that are distributed across the 
extra-tropical Northern Hemisphere. Using only data covering the entire length of each 
individual reconstruction largely avoids inhomogeneity in the variability of 
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reconstructions that arises due to changes in spatial sampling density over time (see 
Crowley and Lowery 2000). 

a) Construction of proxy timeseries 

We use decadal or decadally smoothed proxy records since information about 
low-frequency variability is crucial to separate natural climate variability from 
greenhouse warming, and because fewer records are needed to reliably sample decadal 
and hemispheric temperature variability (global decadal mean surface temperature is 
estimated to have effectively 8-16 degrees of spatial freedom, see Jones et al. 1997; 
Zwiers and Shen 1997). Since almost all long proxies are located in the mid- to high- 
northern land areas, the reconstruction is calibrated to 30-90°N temperature. A second 
version of the reconstruction is calibrated to land and ocean regions north of 30°N, which 
is used for the detection study (see below) and a study estimating climate sensitivity 
(Hegerl et al., 2006). The tree ring data have mostly been processed in a manner that 
preserves low-frequency variance (Briffa et al. 2001; Esper et al. 2002; details are given 
in Appendix A). 

The primary reconstruction for the time interval since 1505 is based on 12 well- 
spaced sites, some of which are area-averages based on multiple records (Figure 1, for 
individual sites see Appendix A). The first step of the reconstruction technique is to scale 
the individual proxy records to unit standard deviation, weigh them by their correlation 
with decadal NH 30-90^ temperature (land or land and ocean, depending on the target 
of reconstruction) during the period 1880 to 1960, and then average them. This yields a 
unitless paleo timeseries that shows high correlations with the instrumental data 

during the calibration period 1880 to 1960 (0.97 for land only and 0.92 for land and 
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ocean temperatures, correlations become 0.82 for land and 0.75 for land and ocean after 
detrending). 

Such a weighted average is mathematically equivalent to a multiple regression of 
proxy data onto the target of reconstruction for uncorrelated individual records (our 
records have only modest correlations with each other), but is much less prone to over- 
fitting than full multiple regression. This is important because the shortness of the 
common period of the decadal instrumental and proxy data (1880 to 1960, prior to that, 
the spatial sampling of instrumental data is very inhomogeneous), does not allow a 
formal separation of the period of overlap into a calibration and a validation period. Note 
that the only information from instrumental data used for computing is the 

correlation weight, which has only a small influence on the resulting time series; an 
unweighted, and hence fully independent, average of the sites correlates r=0.96 (0.79 
detrended) with instrumental land data compared to the correlations of the weighted 
average of 0.97 (0.82 detrended). 

b) Calibration to Northern Hemispheric temperature 

The next step is to calibrate the proxy timeseries 0^/(0 against the average NH 

30-90 N (land or land and ocean) instrumental temperature record using a 

conversion factor a (hats denote estimated timeseries). This is accomplished by fitting a 
statistical model of the form 

where f refers to realizations of sampling error and random measurement error in 
instrumental data, and to realizations of sampling error and non-temperature 
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variability in proxy records. In most reconstructions, a is estimated by an ordinary least 
square (OLS) fit, neglecting the considerable uncertainty which leads to a low bias 
of the scaling factor a (see, e.g. von Storch et al. 2004; Allen and Stott, 2003) and thus 
underestimated past temperature ranges in the scaled proxy timeseries. The loss of 
variance is largest if the correlation between and is low, as tends to be the case 
when annual data are reconstructed. To avoid this problem, some reconstructions use less 
rigorous calibration methods, such as adjusting to the variance of instrumental data or 
qualitatively scaling the low-frequency component. However, if a total least square (TLS) 
fit is used, in which noise in both instrumental and proxy data is considered, the shared 
signal with the instrumental timeseries is scaled to the same amplitude (Adcock 1878; 
Allen and Stott 2003) This method has previously been used for estimating the amplitude 
of noisy fingerprints from observations in optimal fingerprinting (Stott et al. 2003). Note 
that if the uncertainties in the paleo reconstruction are much larger than in instrumental 
data, an alternative is the use of inverse regression, neglecting error in instrumental data 
(Coehlo et al., 2004). 

The TLS fit requires an estimate of the ratio of the variances of to The 
variance of is estimated from sub-sampled climate model data (von Storch et al. 
2004; Zorita et al. 2003) yielding an error estimate that is very similar to earlier published 
estimates of uncertainty associated with sampling error in decadally averaged 
instrumental data for the entire NH (Jones et al. 1997). Note that we assume that 
systematic instrumental errors are small relative to sampling errors. This may not be 
strictly correct for sea surface temperature data, which may be affected by systematic 
biases such as the correction for using canvas buckets in earlier temperature 
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measurements (Folland et aL, 2001, Brohan et al., 2006). These are, however, only used 
in the land and ocean reconstruction. 

Since the variance of is unknown, we account for this uncertainty by 
determining the scaling factor a and its confidence interval for a wide range of plausible 
variance ratios for to For each, the likelihood of the regression residual being 
drawn from errors with variances of and f is determined. We then average these 
regression results, weighted by the likelihood of each residual, to arrive at an overall 
scaling a and its uncertainty (details are given in Appendix B). The time series 0^ is 

then scaled by a. The overall uncertainty for the reconstruction is derived from a 
combination of the uncertainty in the amplitude (a) and the range of error variances for 
that is consistent with the calibration residual (see Appendix B). Note that our 
approach assumes that the errors and are uncorrelated and normally distributed. 
The first assumption appears reasonable since red noise possibly present in the individual 
records should have been filtered in 6^, (note the small changes in the correlation to 

instrumental temperature between detrended or nondetrended data), and the second is 
justified for hemispheric means by the central limit theorem. 

The longer reconstructions are constructed in the same manner as CH-blend short 
and are calibrated to CH-blend (short) rather than to instrumental data, since the longer 
overlap period allows for a more accurate calibration. Due to their high correlation with 
CH-blend (short) (r=0.97 and r=0.93), this second calibration step adds only a small 
additional uncertainty that is accounted for in the uncertainty range (see Appendix B). 
Note that the high correlations and overall similarity of the longer, sparser sampled 


8 



156 


reconstructions CH-blend (long) and CH-blend (Dark Ages) with the more densely 
sampled CH-blend (short) during the period of overlap (see Figure 2) suggests that even a 
few well-spaced decadal records can provide a surprisingly reliable estimate of the last 
five centuries. 

Figure 2 shows the time series calibrated to instrumental land annual temperatures 
30-90 N. CH-blend (short) is similar to the reconstruction used in Hegerl et al. (2003) and 
Crowley et al. (2003, see also Crowley, 2000), but has enhanced amplitude (by 13% for 
zonal mean temperature and 7% for land temperature). Larger enhancement due to TLS 
calibration was found for other records if re-calibrated, yielding on the order of 20-30% 
enhancement, and if annual reconstructions are attempted (loss of half of variance with 
OLS, see below). Note that a prominent 1 l*-century peak in the 2003 reconstruction is 
not as evident after balancing the composite with more data from Asia. 

3. Testing the reconstruction method with climate model data 

We have tested our reconstruction technique with model-derived synthetic proxy 
data, i.e., a “perfect model approach”, using the same Atmosphere-Ocean General 
Circulation Method (AOGCM) simulation of climate of the past few centuries that was 
used by von Storch et al. (2004). The simulation was driven by estimates of past volcanic, 
solar and greenhouse gas forcing, primarily from Crowley (2000). The AOGCM provides 
dynamically consistent data with approximately realistic teleconnections, enabling a 
reliable estimate of the effects of sparse networks and calibration techniques on 
reconstructions. 
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We first create a synthetic instrumental (‘pseudo-instrumental’) record from the 
simulation, using the same spatial coverage of annual mean land temperatures as in the 
actual instrumental record. Next, we derive a synthetic paleo reconstruction (‘pseudo- 
proxy reconstruction’), using gridboxes that represent the areas and sites used in CH- 
blend (see Figure 1). These model data were perturbed by adding decadal white noise 
until the correlation between pseudo-proxy data and the pseudo-instrumental decadal data 
was similar to those in CH-blend over the calibration interval. This reduces the 
correlation of unperturbed to perturbed decadal local model data to values of 0.1 to 0.7, 
averaging 0.45, which is similar to correlations between decadal proxy data and local 
temperature data. These pseudo-proxies are then weighted by their correlation with 
pseudo-instrumental mean temperature from 30-90°N, averaged and calibrated to the 
pseudo-instrumental NH 30-90^ mean using the TLS approach. 

Figure 3 shows the mean of ten such pseudo-proxy reconstructions with different 
noise added, and two individual reconstructions with the highest and the lowest variance 
among these ten. This test shows that the reconstruction method reproduces the actual 
model 30-90 N land temperature variability very well (correlation over the calibration 
interval is on average r=0.97, and 0.68 if using detrended timeseries; correlation with the 
model’s true 30-90'7 nJ mean ranges from r-0.96 to r=0.98 for different realizations of 
error over entire reconstruction). On average 97% of the variance of the true model 30- 
90N mean has been recovered. This result is based on a calibration period of 1898-1977, 
since the peak early 20^^-century warming occurs later in the model and hence the shape 
of the time series in that period is more similar to that in the observations than the period 
1881-1960, which is strongly dominated by a trend only (c.f figures 2 and 3). Note that 
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each calibration interval is affected by different sampling error due to the extent to which 
the sampling regions in proxy and instrumental data capture simulated hemispheric mean 
change. This leads to differences in the extent of variance recovered in the reconstruction, 
such as the small overestimate of cooling into the little ice age seen in figure 3. Based on 
an 1880-1960 calibration period, the reconstructed variance is on average underestimated 
(although less so than if using an OLS technique), and overestimated if using a later 
calibration period. However, in each of these cases, as well as in the case shown in figure 
3, the true hemispheric average remains within the estimated uncertainty range slightly 
more than 95% of the time, indicating that our uncertainty ranges are conservative, thus 
validating the reconstruction method. 

In contrast, using OLS instead of TLS for calibration reduces the inter-century 
variance (filtered by applying a consecutive running 60yr- and 40-yr moving average) of 
the 30-90N mean on average by a factor of 0.81 for calibration of decadal data, and by a 
factor of 0.40 to 0.30 for annual data. This indicates a very severe reduction of low- 
frequency variance using OLS calibration. If the proxy data are OLS fitted to local 
decadal temperature and then averaged, the variance is reduced by about half 

4. Comparison of reconstructed temperature history with other 
reconstructions based on surface and borehole data 

Our reconstruction (Figure 2) shows features seen in many other reconstructions - 
the broad transition from the relatively warm Middle Ages to the Little Ice Age, and the 
warming after the Little Ice Age to the present, along with multi-decadal to centennial 
scale fluctuations (see Jones and Mann 2004). The cool interval before the Middle Ages 
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coincides with the Early Medieval Cool Period, a time of glacial advance in many regions 
(Grove 1988; Oerlemanns 2005), which corresponds approximately to the historical 
interval after the collapse of the Roman Empire sometimes called the Dark Ages. Late 
20‘^"Century temperatures substantially exceed the maximum temperatures in the Middle 
Ages, confirming that the late 20* century is probably the warmest interval in at least 
1500 years. 

Figure 4 shows a comparison of our reconstruction with two other recently 
published reconstructions with high variance: that by Moberg et al. (2005), and by Esper 
et al. (2002), calibrated by Cook to NH 30-90N land data (Cook et al. 2004). For the 
comparison with Moberg et al. (2005), we have re-calibrated our data to NH 0-90N 
annual means. The CH-blend data show a somewhat smaller level of cooling into the 
little ice age and a similar warming in the medieval warm period than Moberg et al. 
(2005), along with overall similar features to that latter reconstruction. Given the 
uncertainty in the amplitude of CH-blend (only amplitude uncertainty for NH 30-90N 
land is shown in figure 4 for simplicity, note that the amplitude uncertainty for 0-90N 
land and ocean is substantially larger); and in Moberg et al. (dotted), the reconstructions 
are consistent in their estimate of Little Ice Age cooling and Medieval Warm Period 
temperatures. Similarly, our reconstruction for 30-90N land data is broadly consistent 
with the Cook et al. (2005) calibrated version of Esper et al. (2002) for both periods. 
Note, however, that Esper et al. (2002) shows differences from other records in the 12* 
and 13* centuries. 

Figure 2 also shows a comparison between CH-blend and subsurface temperature 
histories measured in boreholes over the same spatial domain (30-90N land). Boreholes 
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provide estimates of centennial-scale surface temperature changes over the past five 
centuries that are independent of both the instrumental record and climate proxies. Here 
we compare the history of temperature changes estimated from 631 extra-tropical 
boreholes (latitude > 30N, see Figure 1 for locations) to that derived from the multi-proxy 
reconstruction described above. The ensemble of individual borehole results has been 
averaged onto a 5° x 5° spatial grid to yield the area-weighted reconstruction shown in 
Figure 2 (Pollack and Smerdon 2004, see also Pollack and Huang, 2000), which is in 
good agreement with our surface proxy reconstruction for extratropical land data. An 
implicit assumption in the borehole verification of the new multi-proxy reconstruction is 
that borehole reconstructions represent a valid target of verification for surface proxy 
reconstructions, i.e., that both track changes in the surface air temperature. An analysis 
of millennial simulations of air and subsurface temperatures from AOGCMs (Gonzalez- 
Ruoco et al. 2004; 2006) shows that despite seasonal decoupling between air and ground 
temperatures, deep soil temperature is a good proxy for the annual surface air temperature 
on land. 

We further compare the new multi-proxy reconstruction with borehole results by 
calculating the subsurface temperature anomaly for each reconstruction (see Figure 5). 
The temperature anomaly represents the transient warming of the subsurface at a given 
time as the subsurface evolves from a previous temperature field. The subsurface 
temperature anomalies for both the borehole and CH-blend (short) reconstructions are 
calculated using a conductive forward model in which each reconstruction comprises a 
time-varying surface boundary condition (see Carslaw and Jaeger, 1959). The borehole 
subsurface temperature anomaly shown in Figure 5 is calculated from the mean of 631 
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reconstructions, each based on individually inverted borehole temperature profiles, rather 
than calculating an average borehole profile directly from the data. A comparison of the 
calculated subsurface temperature anomaly with the average observed anomaly 
determined by Harris and Chapman (2001) shows the two to be almost identical. Because 
the geothermal reconstruction extends back to only 1500 A.D., we have compared only a 
segment of the multi-proxy reconstruction with it. To achieve isolation of the post- 1500 
A.D. history, we assume a steady-state (zero heat-flux) surface boundary condition prior 
to 1500 A.D. for both the multi-proxy and geothermal reconstructions. This assumption 
enables a direct comparison of the two reconstructions in their common time interval, 
1505 to 1960. As can be seen in Figure 5, the subsurface expressions of both 
reconstructions are almost indistinguishable. The uncertainty envelopes of each are also 
shown; these were calculated by driving the model with the upper and lower uncertainty 
time series shown in Figure 2. These uncertainties also encompass the results generated 
from the range of reasonable initialization temperatures in the conductive-forward model. 

5. Implications for Attribution of Climate Change to Causes 

Changes in external radiative forcing need to be considered in order to understand 
the origin of past climate variability. We thus apply a detection and attribution analysis in 
order to quantify the role of external forcing, including greenhouse gas forcing, in our 
reconstruction and in other reconstructions with substantial century-scale variability. 
Such an analysis based on paleo reconstructions from several centuries enables a better 
separation of the climate response to natural forcing, particularly between solar and 
volcanic forcing, both of which are spuriously correlated over the 20* century (e.g.. 
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North and Stevens 1998), and between solar and anthropogenic forcing (e.g., Cubasch et 
aL, 1997). Long reconstructions also provide an opportunity to estimate internal climate 
variability independently from climate model data. The dependence of detection results 
on climate model control simulations is an important uncertainty in the attribution of 
climate change to causes (Mitchell et al. 2001). 

We use a multi-fingerprint detection and attribution method (Hegerl et al. 2003; 
see also Hegerl et al. 1997; Tett et al. 1999) using fingerprints for solar, volcanic, and a 
combination of greenhouse gas and aerosol forcing. Fingerprints for external forcing are 
derived from simulations with a two-dimensional Energy Balance Model (EBM) and 
additionally from the ECHO-G AOGCM used above. The EBM is the same as used in 
Hegerl et al. (2003), it has a realistic land-sea distribution and seasonal cycle. It is driven 
with solar forcing variations (“sol”), greenhouse gas plus sulfate aerosol forcing 
(“anthro”), and forcing by explosive volcanism (“vol”, forcing details see Appendix C). 
All climate model data are sampled over the same spatial and temporal domain that is 
represented by the proxy reconstruction (see table 2, note that we use zonal mean CH- 
blend data since these are simulated more realistically in the EBM), The influence of 
external forcings on the proxy reconstruction, is assessed by estimating a scaling 
factor p to best match the time-dependent fingerprints f{t) to observations (note that 
this scaling factor is determined by an OLS approach since the EBM provides noise free 
fingerprints): 

'^proxy (^) = Psol ‘ /^o/ (0 + Pvol ‘ fvol (^) ^ P anthro ‘ f anthro ( 0 + ^ noise (^) * (2) 

We estimate the amplitudes ^ of the fingerprints and the residual climate 
variability simultaneously from the proxy reconstruction from 1270 on, since 
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forcing data are less reliable prior to that time. We show results mainly for CH-blend 
(long) for this analysis, results for CH-blend (short) are similar. Errors in the overall 
magnitude of forcing or climate model response will not affect detection results. Random 
errors in the size of individual volcanic eruptions tend to influence results only slightly 
(see Hegerl et al., 2006). Note also that we do not rotate fingerprints in order to optimize 
signal-to-noise ratios as often done analysis of instrumental records (e.g., Hegerl et al., 
1997; Stott etal., 2003). 

A fingerprint is detected in the reconstruction if its scaling factor p is 
significantly larger than variations in p that occur due to internal climate variability 
alone. The residual variability is used as our main estimate of internal climate 
variability that determines variations in p due to internal climate variability. The 
estimated residuals are shifted in time by varying increments to increase the number of 
sample timeseries for internal climate variability and thus to improve the power of the 
detection test (see Hegerl et al. 2003). The number of effective degrees of freedom in 
these samples is limited due to autocorrelation. In order to estimate this effect, the 
autocorrelation and thus the decorrelation time of 20-yr offset residuals has been 
estimated (reasonable changes in offset period do not affect results). The effective sample 
size is then estimated from the number of samples separated by the decorrelation time, 
and further reduced by the number of signals fitted to the data (three for the multi-signal 
approach). This often yields less than 10 degrees of freedom. However, all results given 
here are robust to reasonable changes in estimated degrees of freedom (for the shortest 
Briffa et al., 2001 timeseries the residual from using the unsealed solar and volcanic 
timeseries is used to preserve more degrees of freedom) 
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We have assessed the robustness of our attribution results by using the internal 
variability in the ECHO-G simulations (Zorita et al 2003; von Storch et ah 2004) rather 
than residual variability in proxy reconstructions to estimate the significance of scaling 
factors for fingerprints. We concatenated the control simulation variability and the 
difference between both forced AOGCM simulations (adjusted by a factor of sqrt(2) to 
account for doubled variance in a difference between simulations). These data are then 
treated similarly as the noise residual. Generally, the model has somewhat more variance 
than the residual from all proxy reconstructions (table 2, ECHO-G has a standard 
deviation of 0.18K for 30-90N decadally averaged temperature, note that residual 
variability from reconstructions has been corrected for bias in variance due to fitting three 
fingerprints), suggesting that the use of this climate model’s internal variability is 
conservative in detection and attribution approaches. 

Results using CH-blend show that its decadal temperature variability is largely 
driven by external forcing (typically 60-75% of the variance in entire proxy 
reconstructions, table 2). We clearly detect the influence of volcanism on hemispheric 
temperatures (see Figure 6), similar to previous studies (Robock and Free 1 995, Crowley 
2000; Hegerl et al. 2003). The EBM does not simulate changes in atmospheric dynamics 
associated with volcanism (Shindell et al. 2004), but these affect hemispheric-scale and 
annual temperature only slightly (Thompson et al. 2000). Consistent with earlier results 
(Hegerl et al. 2003), a response to solar forcing cannot be robustly distinguished. This 
can be due to either the climate response to solar forcing being small, or to low-frequency 
variations in solar forcing being different from estimates used here. The latter is quite 
possible given large uncertainties in these reconstructions (Lean et al., 2002). Note that 
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the detection and attribution approach has only been applied to the best-guess 
reconstruction. This is appropriate since the detection of fingerprints is unaffected by the 
amplitude the reconstruction (see Mitchell et al, 2001), and random sampling errors are 
indirectly accounted for by the noise residual. 

The fingerprint analysis also reveals that anthropogenic greenhouse gas and 
aerosol forcing is detectable in our reconstruction by the end of the record (< 2.5% 
significance level). The anthropogenic signal is estimated to be more than 4.5 times 
larger than the standard deviation of scaling factors derived from the residual of the 
reconstruction. Sensitivity tests reveal that this result is not sensitive to omitting a 
reduction in greenhouse gas forcing during the Little Ice Age (Figure 6). The detected 
signal of greenhouse warming is consistent with results from the late 20* century and 
thus supports the finding that most of the late 20*-century warming has been 
anthropogenic (e.g., Tett et al. 1999; Mitchell et al. 2001). The anthropogenic forcing 
explains about a third of the trend over the first half of the 20* century in the 
reconstruction (90% confidence interval 22-52%, Table 2, see also Figure 6). Additional 
contributions to the early 20*-century warming arise from a decrease in volcanism (16% 
to 39%), internal variability (best estimate 30%, compare with Delworth and Knutson 
2000), and an uncertain contribution from an increase in solar forcing that is smaller than 
typically estimated from data for the 20* century alone (Stott et al. 2003). 

The fingerprint of all radiative forcings combined from the ECHO-G simulations 
(von Storch et al. 2004; Zorita et al. 2003) can also be detected in CH-blend (long) from 
1270 on (using a single model simulation as fingerprint) and CH-blend (short) (using an 
average of two simulations). The model fingerprint has to be substantially reduced in 
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amplitude to match our reconstruction, despite application of a TLS fit to account for 
noise in the fingerprint (see Stott et al., 2003). As a sensitivity test, we have also 
performed the same multi-fingerprint detection analysis with data from the ECHO-G 
simulations instead of the reconstruction, with similar detection results. However, the 
ECHO-G simulation has substantially enhanced volcanic (scaling factor 2.8 +/- 0.8) and 
probably enhanced solar fingerprints (factor 2.7+/- 1.7) relative to the EBM fingerprints, 
despite both models having a similar climate sensitivity of ca 2.5°C. This difference is at 
least partly explained by the use of an older version of the volcanic forcing from Crowley 
(2000), and a stronger solar forcing. 

A detection and attribution analysis of other high-variance reconstructions yields 
similar results (Table 2), and estimated signals are quite consistent between 
reconstructions (Figure 7). Table 2 also shows estimates of the contribution of various 
forcings to the trend over the first half of the 20^^ century. The detection of the 
anthropogenic fingerprint is robust for all results except Moberg, where significance 
levels of that signal are dependent on details of the analysis. The Moberg et al. (2005) 
reconstruction is also the only one that shows a detectable solar signal, although this is 
somewhat sensitive to details of the analysis. The residual decadal variance of all 
reconstructions is less than that of the ECHO-G model (table 2). Thus our results suggest 
that model simulated internal climate variability, at least from ECHO-G, is conservative. 

6. Conclusions 

We have introduced a simple method to reconstruct past climate variability that 
applies a total least squares approach in the calibration step that overcomes the inherent 
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loss of variance in ordinary least squares calibration methods. This reconstruction method 
has been successfully validated with climate model data. A reconstruction based on this 
method is consistent with borehole reconstructions, when compared over the same spatial 
domain, and shows Little Ice Age cooling and Medieval Warm Period warming that is 
consistent with that in other recent reconstructions that focus on the recovery of low- 
frequency variance. Our results demonstrate that long, properly calibrated high resolution 
proxies indeed carry low-frequency information and produce reconstructions with 
considerable variability between centuries. 

We find that natural forcing, particularly by volcanism, explains a substantial 
fraction of decadal variance in our and other high-variance reconstructions. Greenhouse 
gas forcing is detectable with high significance level in all analyzed reconstructions 
except Moberg et al. (2005), which ends in 1925, and explains a considerable fraction of 
the early 20*^^ century warming. In contrast, solar forcing is marginally detectable. In 
conclusion, our results indicate that enhanced variability in the past does not make it 
more difficult to detect greenhouse warming, since a large fraction of the variability can 
be attributed to external forcing. Quantifying the influence of external forcing on proxy 
records is therefore more relevant to understanding climate variability and its causes than 
determining if past periods were possibly as warm as the 20^^ century. 
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Appendix A: Records used for the new 1500 yr reconstruction 

The CH-biend reconstruction is composed of records from twelve sites, some of which 
contain multiple records (Figure 1 shows their locations). It is termed a blended time 
series because it includes some data from Esper et al. (2002) that is not available 
elsewhere. All records obtained from Esper et al. (2002) had already been standardized 
using regional curve standardization (RCS) methods, which better preserve low- 
frequency variations in treering-based reconstructions. Processing of the other records 
varied by source (see below). With the exception of one record (East Asia, decadal), all 
records are annual records that we have decadally smoothed. 

• western U.S.: this time series uses an RCS processed treering composite used in 
Mann et al. (1999), and kindly provided by Malcolm Hughes, and two sites 
generated by Lloyd and Graumlich (1997), analyzed by Esper et al. (Boreal and 
Upper Wright), and provided by E. Cook. The Esper analyses were first averaged. 
Although there are a number of broad similarities between the Esper and Hughes 
reconstructions, the correlation is only 0.66. The two composites were averaged. 

• Alberta, Canada: this time series is also a composite of two different analyses of 
the 1997 reconstruction of Luckman (1997) - one is unchanged from Luckman’s 
paper, and the other (Athabasca) has been RCS processed by Esper et al. (2002). 
The correlation between these analyses is unimpressive (0.1 l)j the records were 
simply averaged. Note that although the correlation with the decadally smoothed 30- 
90N instrument (land) temperatures varies greatly between the two records (0.14 for 
Athabasca, 0.82 for Jasper), the composite correlation is 0.84. 

• Mackenzie Delta: The original time series (Szeicz and MacDonald 1995) provided 
by Esper et al. only had a 0.04 correlation with the 1880-1960 decadal average of 
NH temperature, which yields a very small weight if used for the hemispheric 
composite. We experimented with various other data from the National Geophysical 
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Data Center (NGDC, http://www.ncdc.noaa.gov/paleo/ftp-search.html) to determine 
if other reconstructions for that area would yield more information for a hemispheric 
reconstruction. We found generally that proxy data for that region show little 
correlation with hemispheric mean temperature. We nevertheless included this site 
for the sake of completeness and in order to include as many long sites as possible. 

• Quebec: The situation with Esper’s Quebec reconstruction is somewhat similar to 
what was experienced for the Mackenzie Delta time series; the correlation between 
their Quebec record and the 30-90N average is only 0.25, partly because the time 
series ends in -1930. Examination of the NGDC data base indicates that the original 
Esper et al. reconstruction appears to be from the Boniface site. A record from 
nearby St. Anne also shows many similarities to Boniface (r-0.66), extends closer in 
time to the present, but is also slightly shorter (the Boniface/St. Anne correlation is 
0.70). Although the Boniface/St Anne composite has a very high correlation with 
the 30-90N (land) record (0.88), inspection of shorter records from Fort Chimo and 
No Name Lake showed a different 20"^ century response - earlier warming and late 
cooling. In order to preclude a Quebec composite from indicating a potentially 
unrealistic magnitude of late 20* century warmth for the whole region, we created a 
shorter composite of the four sites that averages records from a Fort Chino and No 
Name Lake composite after 1806. The new composite still shows significant 
warming in the 20* century, but not as extreme as the Boniface/St. Anne sites alone. 

It is not claimed that this solution represents the best possible way to deal with the 
conflicting evidence from Quebec; the problem can best be resolved if more long 
records from other regions of Quebec can be uniformly stacked together without any 
late-century adjustments. 

west Greenland: this composite is from Fisher et al. (1996). 
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• European historical: this composite was kindly provided by J. Luterbacher et al. 
(2004). 

• n. Sweden: this is from Grudd et al. (2002) by way of Esper. 

• w. Siberia: in order to avoid any heavy biases of the mean composite by a number 
of sites from one region, the west Siberia time series is a composite of three/four 
time series from this region: two “polar Urals” records east of the Urals - Yamal 
(Briffa et al. 1995) and Mangazeja (Hantemirov and Shiyatov 2002 - both by way of 
Esper et al.) and two records from west of the Urals (Hantemirov and Shiyatov 
2002). The records from each side of the Urals were first averaged and then 
combined for the w.Siberia.short composite; the w. Siberia. long composite involved 
Yamal and the west.Urals composite. The sites from Esper have been RCS 
processed. 

• Taimyr Peninsula: this is from Naurzbayev et al. (2002) by way of Esper. 

• e. Siberia: the Esper et al. (2002) composite used the Zhaschiviresk time series from 
Schweingruber. However, this composite only went to 1708. We combined it with a 
ring width (by Schweingruber, available NGDC) series from the nearby Ayandina 
River site after removing the obvious growth overprint in the early part of the 
younger record. 

• Mongolia: this is from the D’Arrigo et al. (2001) study. However, the full 
composite illustrated in this paper is not available. We reconstructed the composite 
from nine records from tree ring sites sent to the NGDC sites. The early growth part 
of the treering series from overlapping records was removed without further removal 
of low-frequency variability. 

• e.Asia: this is the high resolution record (10-yr average) from Yang et al. (2002). 
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Individual proxy sites are shown in Figure Al, correlations between these and NH 
30-90N land and land-and-ocean instrumental temperatures are given in Table Al. 

Appendix B: Estimating uncertainty ranges of our reconstructions 

This appendix details the derivation of the uncertainty ranges of our 
reconstruction. As explained in the body of the paper, we apply a total least square fit 
(Allen and Stott 2003), since this method can account for errors in instrumental and 
proxy data without artificial loss of amplitude of the reconstruction. It is related to fitting 
the main axis of an ellipse through a cloud of points, after scaling the data so that the 
ratio of the variance of errors see Section 2) is 1. The uncertainty of the 

instrumental data for land 30-90N annual averages due to sampling is estimated from 
comparing true model averages from a coupled climate model simulation with the 
ECHO-G model (von Storch et al. 2004) to averages based on instrumental coverage over 
the area reconstructed and the calibration interval. Estimates of varied between two 
simulations and time-periods analyzed and range fi-om a standard deviation of 0.034°C to 
0.055°C (0.046°C to 0.056°C land and ocean combined). This is broadly similar to the 
error estimated in Jones et al. (1997) of 0.060°C for decadal averages over the whole 
Northern Hemisphere in the first half of the 20^*^ century. We chose standard errors f of 
0.047 C for land records and 0.056°C for land and ocean combined records (amplitudes 
and uncertainty ranges vary only by a few percent if f is varied within the range found 
in sub-sampled ECHO-G simulations and for instrumental data). Since the true error 
is not known, we have varied its variance from 0 to 16 times that of the instrumental 
error, and calculated the probability of the actual calibration residual between 
reconstruction and instrumental data based on an F-distribution for each variance ratio. 
Note that the thus determined most likely ratio of proxy to instrumental data is one that 
yields a residual which is close to that actual observed. To obtain our best guess and 
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uncertainty range, the results for every variance ratio have been integrated, weighted by 
the likelihood of each residual given the assumed noise ratio. In all cases, a variance ratio 
of 16 yielded very small probabilities, and was also assumed to be highly unlikely, so we 
have not sampled the tail of the F-distribution beyond a ratio of 1 6. Overall, this yields a 
best guess amplitude a and errorbars that account for the uncertainty in our knowledge 
of the variance 

Using this approach not only yields slightly larger best guess values of the scaling 
factor a than using an OLS approach (see Section 2), but more importantly substantially 
increased 97.5% upper limits for the amplitude (37% higher for land, 65% higher for 
zonal). This demonstrates that given the true uncertainty in paleoclimatic reconstructions, 
large past climate variations are much more likely to be retained with this method than 
with standard regression techniques. 

Uncertainty of each decadal mean value of the reconstruction in any given year 
consists not only of the uncertainty in the scaling of the record, but also of the random 
sampling error and the non-temperature variability in the proxy records that is not 
removed by averaging. The latter is unknown, but the F-values of the residuals in 
calibration for each ratio var(£.^,)/var(f^^,) discussed above yield the most likely 
variance ratio and hence (since we can estimate the variance of €.^^) also the most likely 
variance of €^^j. This variance is used to estimate the random sampling uncertainty of the 
reconstruction for the best-guess scaling factor. The sampling uncertainty for the upper 
97.5% range is derived from the ratio of both errors associated with a high scaling factor, 
and for the lower 2.5% bar from that for the low scaling value. Resulting errors are 
typically about 2-3 times as large for the high-amplitude upper scaling limit than for the 
low-amplitude lower limit, and on the order of twice or more the instrumental error. 

The amplitude error and the interdecadal noise are combined by associating the 
timeseiies with upper and lower amplitude limits with the respective errors, and choosing 
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the entire range covered as the reconstruction’s full error range. This results in an 
overestimate of uncertainties, but not dramatically so (order of 3% rather than 5% 
exceedances of 95% uncertainty range in the perfect model study discussed below). This 
uncertainty range is shown in the figures. 

We have scaled only the best-sampled reconstruction CH-blend (short) from 1505 
on to instrumental data. Both the long CH-blend (long) and the very long reconstruction 
CH-blend (Dark Ages) are calibrated to this shorter and better sampled proxy series 1505 
to 1 960. This yields a small increase in uncertainty range due to the calibration between 
long and short series, which is accomplished by an inverse OLS fit (the extreme case of a 
TLS fit with no additional noise on the target of reconstruction; see Coelho et al. (2004); 
this is appropriate since only the subsampled longer series exhibits sampling error when 
calibrated against the shorter, more densely sampled, series). We calibrate the primary 
reconstruction (termed CH-blend (short), 1505-1960) to the instrumental period as 
discussed above. The longer, less densely sampled reconstructions (CH-blend (long), to 
946, and CH-blend (Dark Ages), to 558) are then calibrated to CH-blend (short). Due to 
their high correlation with CH-blend (short) (r=0.97 and r=0.93), this adds only little 
additional uncertainty that is accounted for in the uncertainty range for this section of the 
time series. 


Appendix C: External radiative forcing during the past millennium 

This appendix briefly describes the estimates for external radiative forcing used in our 
fingerprints for the past millennium, largely referring to Hegerl et al. (2003). Greenhouse 
gas forcing for the instrumental period is based on IPCC radiative forcing reconstructions 
for well-mixed greenhouse gases. Ice core evidence suggests small multi-decadal to 
centennial scale changes in greenhouse gases such as CO2, N2O, CH4 over the last 
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millennium (Etheridge et al. 1996, 1998; Fluckinger et al. 1999), in addition to the 
anthropogenic increase in these greenhouse gases over the industrial period. We applied 
standard radiative forcing conversion algorithms to convert these changes to radiative 
forcing. 

The solar forcing time series is based on a C*"* residual record of which has been 
converted to production rate changes using a box model (Bond et al. 2002). This 
record was combined with the Lean et al. (1995) solar irradiance reconstruction (note that 
there is considerably uncertainty in reconstructions of solar forcing, see Lean et al. 2002). 

We also applied an updated version of a global volcano reconstruction (Crowley 
2000), which is based on long ice core records of volcanism that extend back to A.D. 
1200, four ice cores from Greenland and five from Antarctica and is described in more 
detail in Hegerl et al. (2003) and a new publication (T. Crowley, in prep.). The 
reconstruction includes a latitude profile of forcing that is either based on knowledge of 
the origin of the eruption or on an estimate based on the representation of the aerosols in 
ice cores in both hemispheres. The reconstruction of aerosols in ice cores is then 
calibrated to aerosol optical depth and converted to radiative forcing perturbations using 
the Hansen et al. (2002) AF=21.0 (AOD) conversion. Because the radiative forcing 
from extremely large volcanic eruptions results in larger particles that enhance the 
infrared waiming effect (Pinto et al. 1989), we used a 2/3 power scaling between AOD 
and RF for eruptions exceeding 4 W/ml This adjustment makes only modest effects 
except for the very large 1258 eruption not included in the analysis, and the 1453 Kuwae 
eruption loadings over Antarctica. 
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Figure captions 

Figure 1: Regions used for the paleo reconstruction (pink, yellow and blue 
areas) and for the borehole reconstruction (blue triangles). The data shown in 
pink are used only for the reconstruction extending to 1505 A.D. Shaded blue 
regions are used in the short reconstruction and the long reconstructions to 946, 
of these, only the Mongolian and Alberta (Canada) records drop out in the 
longest reconstruction to 558. The Scandinavian record shown In yellow is used 
in both long and short reconstructions, as there is only a small correlation 
between this record and the large-scale European record that encompasses it. 

Figure 2; Proxy reconstruction of 30-90 N mean annual decadally averaged 
temperatures over land back to 558 A.D. The long time series is made from 
three segments covered by different amounts of data, which are kept constant 
within that segment. Grey shaded ranges give the 95% uncertainty bounds of 
decadal temperature estimates. Another recent proxy reconstruction and the 
borehole reconstruction over the same spatial domain are shown for comparison. 
Each time series is plotted relative to its 1880-1960 mean (shown by grey 
shaded region). This is a departure from the commonly used reference period of 
the 1961-1990 instrumental mean (Indicated by a dotted line; for example. 

Pollack and Smerdon, 2004, pinned the zero crossing of the 20^-century trend in 
the borehole time series to the equivalent point in the linear trend of the 20^^- 
century instrumental data plotted relative to the 1961-1990 mean). We now use 
the 1880-1960 calibration period since it demonstrates most clearly the 
differences in the reconstructions prior to calibration. 

Figure 3: Validation of our reconstruction method with climate model data 
perturbed by noise. The mean of 10 synthetic reconstructions and their 
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uncertainty ranges, derived using a climate model simulation from 1000 to 1990, 
(red, shown with 95% errorbars) is compared to the true NH 30-90N annual 
model mean (black) and the sub-sampled model data using Instrumental 
coverage (green). The calibration interval is shown as vertical shaded region 
(note that results vary to some extent with calibration period, see text). The case 
with highest and lowest variance from the 10 synthetic reconstructions (blue) is 
also shown. Uncertainty ranges are smaller for timeperiods with temperatures 
close to the calibration period, while periods far away from them are more 
affected by scaling uncertainty. 

Figure 4: Comparison of our reconstruction with two recent high-variance 
reconstructions. The CH-blend (short: solid, long: dashed) and Esper et al. (after 
Cook et al., 2004) timeserles have been smoothed by applying a 60 and then a 
40-yr moving average (this yields nearly identical smoothing as that used by 
Moberg et al., 2005). For CH-blend land data, we also show the 95% uncertainty 
range in the amplitude of the reconstruction (dotted, see figure 2); for Moberg et 
al. s reconstruction, the 95% range is shown by red dots. All reconstructions have 
been centered on the period 1860 to 1920 for a quantitative comparison with 
Moberg (which ends In 1925). Esper and CH-blend are shortened due to the 
application of the filter. 

Figure 5: Comparison of two forward modelled subsurface temperature 
anomalies driven respectively by the composite extratropical borehole 
reconstruction and the CH-blend (short) reconstruction. 

Figure 6. Contribution of external forcing to reconstructed decadal mean 
temperature. The top panel shows CH-blend and the instrumental record 
compared to simulations with an Atmosphere-Ocean General Circulation model 
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and an EBM forced with estimates of volcanic, solar, and anthropogenic forcing 
(EBM simulation with natural forcing only dashed). The simulations are scaled to 
best fit the reconstruction (90% confidence interval for EBM fingerprint shaded). 
The bottom panel shows an estimate of the contribution to CH-blend (long) from 
individual forcings (volcanism, solar forcing, and greenhouse gas and aerosol 
forcing combined) and the associated 90% uncertainty range for the detectable 
signals, which are marked by an asterisk (*). Forcing fingerprints are centered to 
the period analyzed. 

Figure 7. Similar as Figure 6, but comparing detection results to those for other 
high variance reconstructions. The top panel compares reconstructions by Esper 
et al. 2002, Moberg et al., 2005, Briffa et al., 2001 and CH-blend (details see 
table 2) with NH 30-90N average temperature from an EBM simulation forced 
with volcanic, solar, and anthropogenic forcing combined and instrumental data 
(green line). All top panel data are smoothed removing variance below 20 yrs, 
bottom panel data show fingerprints in the decadal time domain used for 
detection. The bottom panel compares the contribution from individual forcings 
(volcanism, solar forcing, and greenhouse gas and aerosol forcing combined, 
scaling factor see table 2) to individual records: Briffa (solid, fat), Esper (dotted), 
Moberg (dashed) and Ch-blend (solid, thin, shown with associated 90% 
uncertainty range). Forcing fingerprints are centered to the period analyzed. 

Figure Al : Decadally smoothed or decadal proxy sites used for the 
reconstructions in standard deviation units. The records are explaned in 
Appendix A. 
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Table 1: 20-pt smoothed correlations between different proxy reconstructions. 
Reconstructions are Mann et al. (1999); Esper et al. (2002), Jones et al. (2001), 
Moberg et al. (2005), and CH-blend (short, Dark Ages, and long, calibrated to 
30-90N temperature over land). The right column gives the average correlation 
between CH-blend, Mann, Jones and Esper. 



CH- 

blen 

d 

CH- 

DA 

CH- 

long 

Mann 

Jones 

Esper 

Moberg 

Mean and 
std 

CH-blend 

1.0 

0.91 

0.98 

0.69 

0.71 

0.82 

0.50 

0.74+/- 

0.07 

CH-dark 


1.0 

0.93 

0.59 

0.65 

0.74 

0.60 

0.66+/- 

0.06 

CH-short 



1.0 

0.61 

0.63 

0.82 

0.55 

0.69 +/- 

0.12 

Mann et 

al. 




1.0 

0.70 

0.52 

0.44 

0.60+/- 
1 0.13 

Jones et 

al. 





1.0 

0.53 

0.50 

0.61+/- 

0.12 

Esper et 

al. 






1.0 

0.28 

0.52+/- 

0.09 

Moberg 

et al. 

. 





. 


1.0 

0.41+/- 

0.12 
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Table 2: Detection and attribution results for a range of high-variance 
paleoclimatic records of the last millennium. “Y” or “N” indicates that the 
response to external forcing is, or is not, detectable, with the number in brackets 
giving the best guess scaling factor for the model’s fingerprint, “ghg+aer” denotes 
the anthropogenic fingerprint, which is a combination of greenhouse gas forcing 
and aerosol forcing from 1900 on, and an asterisk marks that a result is 
sensitive to details of the analysis. The bottom row gives the standard deviation 
of the (decadally smoothed) residual and, in parantheses, the amount of decadal 
variance explained by external forcing. The 5-95% of the estimated contribution 
of external forcings to the early 20*^ century trend (1901-1950) are also given 
(marked by “20thc”, except for Moberg which ends too early. Note that the non- 
detection of anthropogenic forcing in Moberg from 1000 on is largely due to an 
increase in residual variability, possibly partly due to forcing error. 


Record 

Analysis Period 

Represents: 

Briffa et al., 

(2001) 

1402-1940 

20-90N land 
growing s. 

Esper et al., 
(2002) 
1400-1960 

20-90N land 
growing s. 

CH-blend 

1270-1960 

30-90N all 
annual 

Moberg 

1270-1925 

0-90N all 
annual 

Moberg 

1001-1925 

0.90N all 
annual 

Volcanic 

Y (0.9) 

Y(l.O) 

Y(1.5) 

Y(l.l) 

Y(1.4) 

Solar 

N(-O.l) 

N (-0.2) 

N (0.5) 

N(Yperiods) 

Y(2.2) 

Ghg+aer 

Y(l.l) 

Y(1.9) 

Y(l.O) 

Y(1.3)* 

N 

20thc Ghg+aer 

10-99% 

50-100% 

22-52% 


. 

20thc volcanic 

18-50% 

18-51% 

16-39% 

- 

- 

20thc solar 

<22% 

<15% 

<16% 

- 

- 

20thc internal 

13% 

2% 

30% 

- 

- 

Residual std 

0.11 (57%) 

. 

0.17(60%) 

0.10(70%) 

0.13(61%) 

0.18(52%) 
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Table A1: Correlations of local proxy data with decadally smoothed hemispheric 
mean instrumental data 


Site 

30-90N land 

30-90N zonal 

w. U.S.composite 

0.71 

0.61 

w.U.S.Hughes 

0.78 

0.65 

Alberta 

0.82 

0.79 

Mackenzie 

0.04 

-0.14 

Quebec 

0.72 

0.87 

w. Greenland 

0.57 

0.57 

Europe historical 

0.89 

0.83 

n. Norway 

0.83 

0.89 

w. Siberia short 

0.72 

0.51 

w. Siberia 

0.74 

0.59 

Taimyr 

0.87 

0.87 

e. Siberia 

0.42 

0.50 

Mongolia 

0.78 

0.66 

1 e. Asia 

0.84 

0.90 
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Figures 



Figure 1: Regions used for the paleo reconstruction (pink, yellow and blue 
areas) and for the borehole reconstruction (blue triangles). The data shown in 
pink are used only for the reconstruction extending to 1505 A.D. Shaded blue 
regions are used in the short reconstruction and the long reconstructions to 946, 
of these, only the Mongolian and Alberta (Canada) records drop out In the 
longest reconstruction to 558. The Scandinavian record shown in yellow is used 
in both long and short reconstructions, as there is only a small correlation 
between this record and the large-scale European record that encompasses It. 
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Figure 2: Proxy reconstruction of 30-90 N mean annual decadally averaged 
temperatures over land back to 558 A.D. The long time series is made from 
three segments covered by different amounts of data, which are kept constant 
within that segment. Grey shaded ranges give the 95% uncertainty bounds of 
decadal temperature estimates. Another recent proxy reconstruction and the 
borehole reconstruction over the same spatial domain are shown for comparison. 
Each time series is plotted relative to its 1880-1960 mean (shown by grey 
shaded region). This is a departure from the commonly used reference period of 
the 1961-1990 instrumental mean (indicated by a dotted line; for example, 

Pollack and Smerdon, 2004, pinned the zero crossing of the 20^^-century trend in 
the borehole time series to the equivalent point in the linear trend of the 20*^- 
century instrumental data plotted relative to the 1961-1990 mean). We now use 
the 1880-1960 calibration period since it demonstrates most clearly the 
differences in the reconstructions prior to calibration. 
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Figure 3: Validation of our reconstruction method with climate model data 
perturbed by noise. The mean of 10 synthetic reconstructions and their 
uncertainty ranges, derived using a climate model simulation from 1000 to 1990, 
(red, shown with 95% errorbars) is compared to the true NH 30-90N annual 
model mean (black) and the sub-sampled model data using instrumental 
coverage (green). The calibration interval is shown as vertical shaded region 
(note that results vary to some extent with calibration period, see text). The case 
with highest and lowest variance from the 10 synthetic reconstructions (blue) is 
also shown. Uncertainty ranges are smaller for timeperiods with temperatures 
close to the calibration period, while periods far away from them are more 
affected by scaling uncertainty. 
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Figure 4: Comparison of CH-blend with two recent high-variance 
reconstructions. The CH-blend (short; solid, long: dashed) and Esper et al. (after 
Cook et al., 2004) timeseries have been smoothed by applying a 60 and then a 
40-yr moving average (this yields nearly identical smoothing as that used by 
Moberg et al., 2005). For CH-blend land data, we also show the 95% uncertainty 
range in the amplitude of the reconstruction (dotted, see figure 2); for Moberg et 
al.’s reconstruction, the 95% range is shown by red dots. All reconstructions have 
been centered on the period 1860 to 1920 for a quantitative comparison with 
Moberg (which ends in 1925). Esper and CH-blend are shortened due to the 
application of the filter. 
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Figure 5: Comparison of two forward modelled subsurface temperature 
anomalies driven respectively by the composite extratropical borehole 
reconstruction and the CH-blend (short) reconstruction. 
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Figure 6. Contribution of external forcing to reconstructed decadal mean 
temperature. The top panel shows CH-blend and the instrumental record 
compared to simulations with an Atmosphere-Ocean General Circulation model 
and an EBM forced with estimates of volcanic, solar, and anthropogenic forcing 
(EBM simulation with natural forcing only dashed). The simulations are scaled to 
best fit the reconstruction (90% confidence interval for EBM fingerprint shaded). 
The bottom panel shows an estimate of the contribution to CH-blend (long) from 
individual forcings (volcanism, solar forcing, and greenhouse gas and aerosol 
forcing combined) and the associated 90% uncertainty range for the detectable 
signals, which are marked by an asterisk (*). Forcing fingerprints are centered to 
the period analyzed. 
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Figure 7. Similar as Figure 6, but comparing detection results to those for other 
high variance reconstructions. The top panel compares reconstructions by Esper 
et al. 2002. Moberg et al., 2005, Briffa et al., 2001 and CH-blend (details see 
table 2) with NH 30-90N average temperature from an EBM simulation forced 
with volcanic, solar, and anthropogenic forcing combined and instrumental data 
(green line). All top panel data are smoothed removing variance below 20 yrs, 
bottom panel data show fingerprints in the decadal time domain used for 
detection. The bottom panel compares the contribution from individual forcings 
(volcanism, solar forcing, and greenhouse gas and aerosol forcing combined, 
scaling factor see table 2) to individual records: Briffa (solid, fat), Esper (dotted), 
Moberg (dashed) and Ch-blend (solid, thin, shown with associated 90% 
uncertainty range). Forcing fingerprints are centered to the period analyzed. 
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Figure A1 : Decadally smoothed or decadal proxy sites used for the 
reconstructions in standard deviation units. The records are explained in 
Appendix A. 
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Climate sensitivity constrained by temperature 
reconstructions over the past seven centuries 
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The magnitude and impact of future global warming depends on 
the sensitivity of the climate system to changes in greenhouse gas 
concentrations. The commonly accepted range for the equilibrium 
global mean temperature change in response to a doubling of 
the atmospheric carbon dioxide concentration*, termed climate 
sensitivity, is 1. 5-4.5 K (ref. 2). A number of observational 
studies^*®, however, find a substantial probability of significantly 
higher sensitivities, yielding upper limits on climate sensitivity of 
7.7 K to above 9K (refs 3-8). Here we demonstrate that such 
observational estimates of climate sensitivity can be tightened if 
reconstructions of Northern Hemisphere temperature over the 
past several centuries are considered. We use large-ensemble 
energy balance modelling and simulate the temperature 
response to past solar, volcanic and greenhouse gas forcing to 
determine which climate sensitivities yield simulations that are 
in agreement with proxy reconstructions. After accounting for 
the uncertainty in reconstructions and estimates of past external 
forcing, we find an independent estimate of climate sensitivity 
that is very similar to those from instrumental data. If the latter 
are combined with the result from all proxy reconstructions, 
then the 5-95 per cent range shrinks to 1. 5-6.2 K, thus sub- 
stantially reducing the probability of very high climate 
sensitivity. 

We use four palaeoreconstructions, namely a hemispheric recon- 
struction of mean annual temperatures", a maximum latewood 
density tree ring based reconstruction" for growing season tempera- 
tures over 20-90° N land, a revised and smoothed version of a 
record” that has been calibrated to 30-90° N land annual data'^ 
and our own new decadal reconstruction termed ‘CH-blend’ of 
annual average 30-90° N temperature*** (Fig. 1). A version of 
CH-blend using 12 records extends from ad 1505 to ad 1960; and 
a reconstruction based on 9 sites (‘CH-blend (long)’) is used from ad 
1270. Both reconstructions use a relatively small number of well 
spaced sites (often based on multiple records, including some 
regional reconstructions) throughout the reconstruction. CH-blend 
is consistent with independent estimates of temperatures from 
boreholes‘^ and both CH-blend and CH-blend (long) agree well 
with a recent reconstruction**’ that incorporates records of lower 
temporal resolution. The reconstruction method has been te.stcd 
using noise-perturbed climate model data from the same locations as 
used in the reconstruction *^ Results show that the reconstruction of 
decadal temperatures is accurate and reliably preserves the variance 
of hemispheric-scale temperature variability. 

For CH-blend, our estimate of climate sensitivity fully accounts 
for the uncertainty in the amplitude of the record *^ For the 
other reconstructions, we use both the published reconstruction 
and a version that is recalibrated using our technique. This 
approach avoids introducing a low' bias in our estimate of climate 
sensitivity based on the possibility that some reconstruction 


techniques underestimate past climate variability*^ (for details see 
Supplementary Information). 

We conduct a large ensemble (>1,000) of simulations of the past 
1,000 years with a 2.5-dimensional (latitude/longitude/depth) 
upwelling-diffusion energy balance model (EBM), vvith realistic 
land-sea distribution. The EBM is a variant of a seasonal model’** 
that simulates time-dependent responses to external forcing, and 
includes the seasonal cycle (for details see Supplementary Infor- 
mation). The same model has been previously used to examine the 
relationship between reconstructed temperature and external forcing 
over the past millennium **•“. EBM simulations reproduce the large- 
scale temperature respon.se of general circulation models, and have 
the advantage of being able to generate large ensembles. 

The following two model parameters are important determinants 
of the large-scale response of climate models to external forcing^ and 
have been systematically varied in our ensemble. First, the equilib- 
rium climate sensitivity to a doubling of CO2, ex, which was varied in 
0.5 K increments from 0.5 K to 1 0.0 K with an additional low value of 
0.25 K. Second, effective ocean diffusivity x in the upwelling-diffiisive 
model’*, which was varied between 0.63 cm^s”’ and 3.8cm^s~*. 



Year AD 


Figure 1 1 Paiaeoclimatic records compared to a climate model simulation. 

‘CH-blend’ and ‘CH-blend (long)’ represent 30-90'’ N annual mean 
temperature (grey shading shows 10-90% ranges for uncertainty in the 
amplitude of the reconstruction); ref. 1 1 shows 0-90° N land temperature; 
ref. 14 shows 30-90°N land temperature; and ref. 12 shows 20-90°N land 
growing season temperature (dashed line indicates reconstructions 
rescaled”). The model {‘Simulation’) has a sensitivity of 2.5 K, mid-range 
ocean diffusivity and is driven with mid-range aerosol forcing. All data are 
smoothed to focus on multi-decadal variability and shown as anomalies 
relative to the period before 1 800, The instrumental record for 30-90° N 
annual mean surface temperature {‘Instrumental’) is offset to match 
CH-blend between 1880 and 1960. 
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Figure 2 | Northern Hemisphere mean radiative forcing. Sub-annual 
forcing data are used in the diniate model simulations, but a decadal filter is 
applied here for illustration only, to focus on timescales most relevant for 
the analysis. For tropospheric aerosol forcing (green), a range of forcing has 
been used; for solar (pink) and volcanic (blue) forcing, a best guess forcing 
(dark, thick line) and a gaussian uncertainty range has been used (2.5% and 
97.5% limits are shown by light, thin lines, the lower limit for solar is on the 
zero line)^For clarity, greenhouse gas (‘GHG’) and aerosol forcings are offset 
by 3 Wm and solar forcing by 1 W m~^. 


This range embraces an observational estimate of 1.7 ± 0.2cm^s“’ 
based on a global compilation of GEOSECS data of bomb tritium 
penetration into the world ocean^’ ancl a lower range^^ based on 
bomb C of the order of 1 cm^ s *. We have further tested our range 
of diffusivities by comparing simulated ocean warming with ocean 
heat content data^’*. We find that the smaller to mid-range values of k 
yield results that compare most favourably with these data, consistent 
with the observation that most of the twentieth-century increase in 
ocean heat content is in the upper 1,000 m (Supplementary Fig. 1). 
Note that ocean dififusivity is of smaller importance for the simu- 
lations of the pre-industrial period, where forcings are mostly 
episodic and relatively small, than for the twentieth century. In the 
latter period, the rate of temperature increase is crucially influenced 
by ocean diffusivity, as large iffusivities tend to hide more warming 


in the oceans than small diffusivities (see Supplementary Infor- 
mation for more discussion). Our re,sults are insensitive to attempts 
to constrain k further. They are, how'ever, conditional on ocean 
effective diffusivity being within the range we use. 

Prior work''^'"'’“" “’ has established that various reconstructions 
of hemispheric temperature consistently show influence from vol- 
canism and greenhouse gas variations, and less consistently from 
variations in solar radiation. We force the EBM simulations with a 
combination of solar, volcanic, greenhouse gas and tropospheric 
aerosol forcing to simulate hemispheric temperature change over the 
past millennium (Fig. 2). Greenhouse gas forcing is based on changes 
in trace gases from ice-core data, combined with IPCC estimates of 
radiative forcing for well-mixed greenhouse gases in the twentieth 
century. The estimate of solar forcing is based on '^'C data“, scaled to 
the solar irradiance reconstruction of ref. 27 after reducing its 
amplitude by 20% to accommodate recent conclusions that the 
former estimate may have been large^*. For volcanism, we use an 
update of a global reconstruction^® based on ice-core data from 
Greenland and Antarctica. We account for the considerable uncer- 
tainty in solar and volcanic forcing by varying the total amplitude of 
each forcing time-series around its central estimate. We use Monte 
Carlo simulations based on a 50% standard deviation for solar 
forcing, and a 35% standard deviation for volcanic forcing (exclud- 
ing the unphysical case of net negative forcing). The uncertainty in 
our results due to random errors in the magnitude of individual 
volcanic eruptions was estimated by sensitivity tests, indicating that 
errors in the magnitude of individual eruptions can cause a modest 
widening of the tail of the distribution (Supplementary Fig. 2; see 
Supplementary Information for more detail on forcings and their 
uncertainty). 

We derive a probability density function (PDF) for climate 
sensitivity using a method related to one previously used for instru- 
mental data’'® (see Methods section, and algorithm in Supplementary 
Information). Results for the CH-blend reconstruction, for which we 
have the most reliable uncertainty estimate”, yield a 5-95% range for 
sensitivity of 1 .4 K to 6. 1 K and a median sensitivity of 2.6 K over the 
pre-instrumental period 1505-1850 (Fig. 3a). PDFs for climate 
sensitivity from the other reconstructions and the same period 
yield peak probabilities (modes) from 1.3 K to 3.6 K, and some of 
them suggest a moderate probability for climate sensitivity being 
high (see Supplementary Table 4). Reconstructions with higher 
amplitudes of past climate fluctuations generally suggest higher 
climate sensitivities than those with low variability. The range of 
the other free parameters, ocean diffusivity x, and solar and volcanic 
forcing uncertainty, are used to fully explore uncertainties rather 
than to provide posterior information about best-fit values. 
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Consistent with that, the pre-industrial period does not provide 
constraints for ocean diffiisivity, nor do results consistently favour a 
particular realization of forcing uncertainty, apart from a general 
preference for solar forcing on the low end of the range. 

If all four reconstructions, both published and rescaled, are 
considered as equally likely realizations of the true hemispheric 
temperature evolution, the PDF that describes results from all four 
reconstructions combined yields a median sensitivity of 3.4 K and a 
5-95% range of 1.2 K to 8.6 K. This renders negative climate feed- 
backs to CO 2 changes (corresponding to a climate sensitivity of 
under 1 . 1 K) very unlikely. As in other estimates of climate sensitivity, 
the upper tail is not well constrained. Note that the upper limit of 
the transient climate response, which governs the near-teim magni- 
tude of the climate response, tends to be better constrained from 
observations than equilibrium climate sensitivity®. 

Our results are remarkably consistent with PDFs for climate 
sensitivity that have been estimated from the instrumental record*^ 
(Fig. 3b) and that account for a differing level of uncertainty in 
forcings (most notably aerosol forcing^), ocean diffusivity and 
observations. The response of climate to pre-industrial forcing is 
governed (to a very reasonable approximation) by the same climate 
sensitivity. However, the uncertainties affecting each estimate are 
virtually independent, as the pre-industrial temperature reconstruc- 
tions are virtually independent from instrumental temperatures for 
the second half of the twentieth century (decadal data before that are 
used for calibrating the palaeodata) and different forcing uncertain- 
ties affect each estimate. Therefore we can combine results from both 
to further constrain sensitivity. We use a version of the joint PDF for 
diffusivity and sensitivity, k and a, from ref. 8 that is based on decadal 
instrumental data from 1950 to 2000 as a prior probability distri- 
bution (the use of a prior PDF of k and a combined accounts for their 
dependence: Supplementary Fig. 5 shows a comparison between the 
published results for the entire twentieth century* and the prior used 
here). We have widened the upper tail of the ref. 8 estimate in 
sensitivity in order to conservatively account for further uncertain- 
ties and embrace other instrumental estimates (results are only 
moderately sensitive to this, for details see Supplementary Infor- 
mation). Bayes’ theorem is then used to calculate a posterior 
probability based on data from the past millennium (Fig. 3c). The 
residting 5-95% ranges for CH-blend shrink to 1.6 K to 4.6 K, ancl 
those for all proxy data combined to 1.5 K to 6.2 K. This result 
reduces the probability from 36% to 15% or less that climate 
sensitivity exceeds the upper limit of the IPCC range of 4.5 K. 

As previously shown, the agreement between models and data is 
mostly driven by the temperature response to volcanism, which 
causes longer-term variability due to the changing statistics of 
volcanic eruptions (Fig. 2; see also Supplementary Table 3 for 
correlations between simulations and records on short and long 
timescales). A superposed epoch analysis previously showed that the 
EBM simulates the response-characteristics to volcanism very well”'. 
The F.BM does not .simulate changes in atmo.spheric dynamics that 
have been associated with strong volcanic eruptions^'*, but the.se 
changes do not much affect hemispheric annually (or growing 
season) averaged temperatures’”. 

We also note that model uncertainties (beyond those that we 
account for) potentially affect all estimates of climate sensitivity. 
Although our re.sults are conditional on the range of effective ocean 
diffusivity and the upwelling parameter being realistic, simulated 
ocean heat content changes in our best-fit simulation compare 
very well with recent data^'* (Supplementary Fig. 1). A simulation 
with the most likely sensitivity of 2.5 K also compares well to the 
low-frequency component of annual global temperatures from 
instrumental data (Supplementary Fig. 4). 

We conclude that proxy-reconstructions of the pre-industrial 
period from 1270 to 1850 yield very .similar estimates of climate 
sensitivity to those obtained from the virtually independent climate 
change over the twentieth century. This agreement increases our 


confidence in the overall reliability of these estimates based on 
twentieth-century changes. When both independent lines of evi- 
dence are combined, the resulting PDF for climate sensitivity 
narrows, yielding a very small probability for climate sensitivity 
exceeding 7K (<3% based on all reconstructions combined, and 
<1% based on CH-blend). 

METHODS 

Estimating climate sensitivity. Our method of estimating the PDF of equilib- 
rium climate sensitivity is related to a method used previously for instrumental 
data®'® and is briefly discussed here. A detailed algorithm can be found in the 
Supplementary Information. We simulate the time-space evolution of surface 
temperature over the past millennium forced with observed changes in solar, 
volcanic, greenhouse gas and sulphate aerosol forcing. We use a very large 
ensemble of EBM simulations with varying climate sensitivity a and ocean 
diffusivity k, forced by different realizations of solar and volcanic forcing (fiou 
/v„i) to account for the most important uncertain parameters driving the 
simulated response. For the twentieth century, aerosol forcing, is also 
varied. Each model simulation yields a time-space pattern of surface temperature 
response for each parameter T(x, t, a, k,/so 1 ,/voI ./aier ) that depends on time f and 
space X. For each palaeoreconstruction T^to (overbar denoting a spatial 
average), the simulated spatial temperature patterns are averaged over the 
latitude strip and season the reconstruction is calibrated to, and filtered to the 
time-resolution used for the analysis (annual reconstructions are filtered by a 
5-yr running mean). All data are then centred from the beginning of the record 
to i 800 to focus on deviations from a mean climatic state of the past millennium 
and to avoid major variations in the climate state caused by anthropogenic 
forcing. We analyse reconstructions from the beginning of the record, but not 
before ad 1270 (as there are significant uncertainties in the radiative forcing 
effects of a very large eruption in 1258). The analysis focuses on the residual 
between the simulated record T and the observed record: 

KS(t,a,A,U,,/vol,U) = W(0 - (D 

Some combination of parameters wiD yield the residual with the smallest 
estimated variance, = piffiiSers ^ , with l[resl|* = 
^res(t,a, K./soij/voh/aer)^ and n denoting the length of the residual time series 
(yr). The difference between any square residual i|res|P and the minimum square 
residual ilresmmll'' will then be F-distribuled® 

OC mF(m, .) (2) 

where m is the number of free parameters (4 for the pre-industrial ca.se, 5 for the 
entire time-series) and v is the number of degrees of freedom in res,ni„. Note that 
for autocorrelated data, v will be smaller than n. Therefore we account for the 
number of effectively independent samples in the square residual (see Sup- 
plementary Information). Thus, the likelihood of the reconstruction given each 
set of model parameters and forcings p(data|a, «,/atr:/voi,/soi) is estimated from 
the probability that its residual variability is statistically indistinguishable from 
the best-fit residual®, given internal climate variability and non-cHmatic random 
errors in proxy data. 

Baye.s’ theorem is used to derive the joint PDF of the parameters 
p(a, K,f,„ ,/voi ,/soi Idata) ccp(data|a, x./aerj/voi ,/soi ) ‘pCa, K,/atr ,/voi ,/sol> (3) 
from the likelihood of the data and the prior probability of the parameters 
p(a, x,/aer./vol,/so!)' Fot results based on the proxy data alone, a uniform prior 
distribution for a is used for integration, which extends to a sensitivity of lOK 
and then drops off to zero. Similarly, a prior for k is used that is uniform over the 
range we cover (see main text), and normal prior distributions are used for solar 
and volcanic uncertainty (see Fig. 2). Where a prior distribution from the late 
twentieth century is used, the joint probability density function p(a, k) from 
ref. 8 is applied instead of the uniform distribution. 

This analysis is performed for every reconstruction. For reconstructions 
where the amplitude uncertainty can be fully accounted for (CH-blend and 
CH-blend (long)), this analysis is performed for the reconstruction scaled by a 
range of scaling factors j3, representing uncertainty in the amplitude of the 
recon.struction (see Supplementary Information). We me the best-guess scaling 
and the 2.5th, 10th, 25th, 75th, 90th and 97.5th percentile of 0. All PDFs resulting 
from these analyses p(data(i3)la,K,/aer./voi>/soi) are then averaged over 0, 
weighted by the likelihood of each scaling 0 based on a normal distribution. 
This is a robust way of incorporating uncertainty in the reconstruction, as 
random errors in the reconstruction are directly accounted for in the residual. 
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For reconstructions where the amplitude uncertainty cannot be fully estimated, 
we use both the published best guess and a rescaled best guess using our 
calibration method to estimate p(data)Q:,x,/,ei ,/voi,/soi)- 

The resulting multi -dimensional likelihood is integrated over k and forcing 
uncertainties /sol ,/voi and , yielding a PDF for climate sensitivity. This is done 
both for each reconstruction individually, and for the average of the joint 
probabilities p(a.K,/a„,/vc>i,/soi|data) from all reconstructions to derive an 
estimate of climate sensitivity from all records combined. 

Our method to estimate sensitivity has been validated using synthetic data 
(see Supplementary Fig. 2), and tested by using an alternative method to 
estimate the likelihood based on scaling factors (see Supplementary Infor- 
mation). 
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Data 

The data used in this study include physically 
based reconstructions of Northern Hemi- 
sphere temperatures and indices of volca- 
nism, solar variability, and changes in GHGs 
and tropospheric aerosols. 

Northern Hemisphere temperatures. Four 
indices of millennial Northern Hemisphere 
temperature have been produced over the past 
3 years (11-14). The analysis here uses the 
mean annual temperature reconstructions of 
Mann et al. (11) and of Crowley and Lowery 
(CL) (12), because the energy balance model 
used in this study calculates only this term 
[the other records (13, 14) are estimates of 
warm-season temperature at mid-high lati- 
tudes]. The Mann et al. reconstruction was 
determined (8) by first regressing an empiri- 
cal orthogonal function analysis of 20th-cen- 
tury mean annual temperatures against vari- 
ous proxy indices (such as tree rings, corals, 
and ice cores). Past changes in temperature 
are estimated from variations in the proxy 
data (15). The Mann et al. reconstruction has 
a varying number of records per unit of time 
(although the number in the earlier part of the 
record is still greater than in CL). The CL 
reconstruction is a more heterogeneous mix 
of data than the Mann et al. reconstruction, 
but the number of records is nearly constant 
in time. It is a simple composite of Northern 
Hemisphere climate records and was scaled 
(12) to temperature using the instrumental 
record (16) in the overlap interval 1860- 
1965. The instrumental record was substitut- 
ed for the proxy record after 1860 for two 
reasons: (i) there were too few proxy data in 
the CL time series after 1965 to reconstruct 
temperatures for this interval, and (ii) the 
original CL reconstruction indicated a 
“warming” over the interval 1885-1925 that 
is at variance with the instrumental record. 
This difference has been attributed (11, 17) to 


Causes of Climate Change Over 
the Past 1000 Years 

Thomas J. Crowley 

Recent reconstructions of Northern Hemisphere temperatures and climate 
forcing over the past 1000 years allow the warming of the 20th century to be 
placed within a historical context and various mechanisms of climate change 
to be tested. Comparisons of observations with simulations from an energy 
balance climate model indicate that as much as 41 to 64% of preanthropogenic 
(pre-1850) decadal-scale temperature variations was due to changes in solar 
irradiance and volcanism. Removal of the forced response from reconstructed 
temperature time series yields residuals that show similar variability to those 
of control runs of coupled models, thereby lending support to the models’ value 
as estimates of low-frequency variability in the climate system. Removal of all 
forcing except greenhouse gases from the ~ 1000-year time series results in a 
residual with a very large late-20th-century warming that closely agrees with 
the response predicted from greenhouse gas forcing. The combination of a 
unique level of temperature increase in the late 20th century and improved 
constraints on the role of natural variability provides further evidence that the 
greenhouse effect has already established itself above the level of natural 
variability in the climate system. A 21st-century global warming projection far 
exceeds the natural variability of the past 1000 years and is greater than the 
best estimate of global temperature change for the last interglacial. 
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an early COj fertilization effect on tree 
growth. The significance of this decision will 
be further discussed below; model-data cor- 
relations presented in the study include both 
the original proxy record and the substituted 
instrumental time series. 

Despite the different number and types 
of data and different methods of estimating 
temperatures, comparison of the decadally 
smoothed variations in each reconstruction 
(Fig. 1) indicates good agreement (r = 0.73 
for 1 1 -point smoothed correlations over the 
preanthropogenic interval 1005-1850, with 
P < 0.01). Both records [and the Jones ei 
al. {13) and Briffa {14) reconstructions] 
show the “Medieval Warm Period” in the 
interval —1000-1300, a transition interval 
from about 1300-1580, the 17th-century 
cold period, the 18th-century recovery, and 
a cold period in the early 19th century. 
Even many of the decadal-scale variations 
in the Medieval Warm Period are reproduc- 
ible {12), and both reconstructions [and 
{13, 14)] indicate that peak Northern Hemi- 
sphere warmth during the Middle Ages was 
less than or at most comparable to the 
mid-20th-centuiy warm period (—1935-1965). 
This result occurs because Medieval tem- 
perature peaks were not synchronous in all 
records {12). The two temperature recon- 
structions also agree closely in estimating 
an — Q.d^C warming between the 1 7th-cen- 
tury and the mid-20th-century warm period 
{18). 

Volcanic forcing. There is increasing 
evidence (i, 7-10) that pulses of volcanism 
significantly contributed to decadal-scale 
climate variability in the Little Ice Age. 
Although some earlier studies (P, 10) of 
forced climate change back to 1400 used a 
composite ice core index of volcanism {19), 
which has a different number of records per 
unit of time, the present study primarily 
uses two long ice core records from Crete 
{20) and the Greenland Ice Sheet Project 2 
(GISP2) {21) on Greenland, with a small 
augmentation from a study of large erup- 
tions recorded in ice cores from both 
Greenland and Antarctica (22). This ap- 
proach avoids the potential for biasing 
model results versus time because of 
changes in the number of records. Because 
Southern Hemisphere volcanism north of 
20'’S influences Northern Hemisphere tem- 
peratures, the ice core volcano census sam- 
ples records down to this latitude. The vol- 
canism record is based on electrical con- 
ductivity {20) or sulfate measurements 
{21), and a catalog of volcanic eruptions 
{23) was used to remove local eruptions 
{24) and identify possible candidate erup- 
tions in order to weight the forcing accord- 
ing to latitude. Eruptions of unknown ori- 
gin were assigned a high-latitude origin 
unless they also occurred in Antarctic ice 
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core records (22). 

The relative amplitude of volcanic peaks 
was converted to sulfate concentration by 
first scaling the peaks to the 1883 Krakatau 
peak in the ice cores. Although earlier studies 
(P, 10) linearly converted these concentration 
changes to radiative forcing changes, subse- 
quent comparison (25) of the very large 1259 
eruption [eight times the concentration of 
sulfate in ice cores from Krakatau and three 
times the size of the Tambora (1815) eruption 
(2/)] with reconstmcted temperatures {11- 
14) failed to substantiate a response com- 
mensurate with a linearly scaled prediction of 
an enormous perturbation of —25 W/m^ {26). 
Calculations (27) suggest that for strato- 
spheric sulfate loadings greater than about 1 5 
megatons (Mt), increasing the amount of sul- 
fate increases the size of aerosols through 
coagulation. Because the amount of scattered 
radiation is proportional to the cross-sectional 
area, and hence to the 2/3 power of volume 
(or mass), ice core concentrations estimated 
as >15 Mt were scaled by this amount (25). 
Aerosol optical depth was converted to 
changes in downward shortwave radiative 
forcing at the tropopause, using the relation- 
ship discussed in Sato et al. {28). There is 
significant agreement {29) between the 1000- 
year-long volcano time series and the concen- 
tration-modified Robock and Free {19) times 


series (Fig. 2A). Both proxy records show the 
general trends estimated from ground-based 
observations of aerosol optical depth {28): the 
pulse of eruptions in the early 20th century 
and the nearly 40-year quiescent period of 
volcanism between about 1920-1960. Be- 
cause volcano peaks are more difficult to 
determine in the expanded fim layer of snow/ 
ice cores, updated estimates of Northern 
Hemisphere radiative forcing from Sato et al. 
were used to extend proxy time series from 
1960 to 1998. 

Solar forcing. There has been much dis- 
cussion about the effect of solar variability on 
decadal-to-centennial- scale climates {3, 6, 
8-10). An updated version of a reconstruc- 
tion by Lean et al. (5) that spans the interval 
1610-1998 was used to evaluate this mech- 
anism [for reference. Free and Robock {10) 
obtained comparable solar-temperature corre- 
lations for the interval 1700-1980 using the 
Lean et al. and alternate Hoyt and Schatten 
{4) solar reconstructions]. The Lean et al. 
time series has been extended to 1000 by 
splicing in different estimates of solar vari- 
ability based on cosmogenic isotopes. These 
estimates were derived from ice core mea- 
surements {30) of ‘°Be, residual *'*C from 
tree ring records {31), and an estimate of *“*€ 
from '“Be fluctuations {30). The justification 
for including the latter index is that neither of 



Fig. 1. Comparison of decadally smoothed Northern Hemisphere mean annual temperature records 
for the past millennium (1000-1993), based on reconstructions of Mann et al. (Mn) [11) and CL 
(12). The latter record has been spliced into the 11-point smoothed instrumental record (16) in the 
interval in which they overlap. CL2 refers to a new splice that gives a slightly better fit than the 
original (72). The autocorrelation of the raw Mann etal. time series has been used to adjust (adj) 
the standard deviation units for the reduction in variance on decadal scales. 
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the first two splices yields a Medieval solar 
maximum comparable to that of the present. 
Because of concerns about biasing results too 
much by the latter period, which has much 
more information than the former, the Bard 
*"*0 calculation was included so as to obtain a 
greater spread of potential solar variations 
and to allow testing of suggestions {32) that 
solar irradiance increases could explain the 
Medieval warming. 

Once the splices were obtained, the 
records were adjusted to yield the potential 
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~0.25% change in solar irradiance on longer 
time scales (Ji). Because two of the solar 
proxies indicate that minimum solar activity 
occurred in the 14th century, the 0.25% range 
was set from that time to the present rather 
than from the 17th century, as was done by 
Lean et al. [the adjustment is very small for 
the different solar indices in the 14th century 
(~0.05 W/m^)]. The 20th-century increase in 
estimated net radiative forcing from low-fre- 
quency solar variability is about !0 to 30% 
greater than estimated from an independent 


method (34). An example of one of the splic- 
es is illustrated in Fig, 2B, and the three 
composites (Fig. 2C) show the pattern of 
potential solar variability changes used in this 
study. 

Anthropogenic forcing. The standard 
equivalent radiative forcing for COj and oth- 
er well-mixed trace gases (methane, nitrous 
oxides, and chlorofluorocarbons) is used after 
1850 (Fig. 2D). Pre-1850 CO^ variations, 
including the small minimum from about 
1600-1800, are from Etheridge et al. (35). 
Radiative forcing effects were computed 
based on updated radiative transfer calcula- 
tions (36). The well-constrained change in 
GHG forcing since the middle of the last 
century is about four times larger than the 
potential changes in solar variability based on 
the reconstructions of Lean et al. (5) and 
Lockwood and Stamper (34). 

Tropospheric aerosols consider only the 
direct forcing effect (that is, no cloud feed- 
back), whose global level has been estimated 
as being about -0.4 W/m^ (37), with the 
Northem-to-Southem-Hemisphere ratio be- 
ing in the range of 3 to 4 (i<S). Because there 
is an approximate offset in the radiative ef- 
fects of stratospheric and tropospheric ozone 
(37), and its total net forcing is on the order 
of +0.2 W/m^ (37) and is applicable only to 
the late 20th century, this GHG was not 
further considered. Other anthropogenic forc- 
ing was not included because evaluations by 
the Intergovernmental Panel for Climate 
Change (IPCC) (37) indicate that the confi- 
dence in these estimates is very low. 

Model 

A linear upwelling/diffusion energy balance 
model (EBM) was used to calculate the mean 
annual temperature response to estimated 
forcing changes. This model (39) calculates 
the temperature of a vertically averaged 
mixed-layer ocean/atmosphere that is a func- 
tion of forcing changes and radiative damp- 
ing. The mixed layer is coupled to the deep 
ocean with an upwelling/diffusion equation 
in order to allow for heat storage in the ocean 
interior. The radiative damping term can be 
adjusted to embrace the standard range of 
IPCC sensitivities for a doubling of CO 2 . The 
EBM is similar to that used in many IPCC 
assessments (40) and has been validated (39) 
against both the Wigley-Raper EBM (40) and 
two different coupled ocean-atmosphere gen- 
eral circulation model (GCM) simulations 
(41). All forcings for the model runs were set 
to an equilibrium sensitivity of 2°C for a 
doubling of COj. This is on the lower end of 
the IPCC range (42) of 1.5° to 4.5°C for a 
doubling of COj and is slightly less than the 
IPCC “best guess” sensitivity of 2.5°C [the 
inclusion of solar variability in model calcu- 
lations can decrease the best fit sensitivity 
(9)]. For both the solar and volcanism runs, 



Fig. 2. Forcing time series used in the model runs (note scale changes for different panels). (A) (Red) 
Ice core millennial volcanism time series from this study (multiplied by -1 for display purposes); 
(blue) ice-core Robock and Free (79) reconstruction from 1400 to the present after adjustments 
discussed in (9) and (25); and (green) Sato et ai (28) Northern Hemisphere radiative forcing, 
updated to 1998 and multiplied by -1 for display purposes. (B) Example of splice for solar variability 
reconstructions, using the ioBe-based irradiance reconstruction of (30) (red) and the reconstruction 
of solar variability from Lean etal. (5) (blue). (C) Comparison of three different reconstructions of 
solar variability based on ^°Be measurements (30) (blue), residuals (37) (red), and calculated 
changes based on ^°Be variations (30) (green). (D) Splice of CO^ radiative forcing changes 
1000-1850 (35) (red) and post-1850 anthropogenic changes in equivalent GHG forcing and 
tropospheric aerosols (blue). 
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the calculated temperature response is based 
on net radiative forcing after adjusting for the 
30% albedo of the Earth-atmosphere system 
over visible wavelengths. 
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0.15° to 0.2 °C to the temperature increase 
(Fig. 1) from about 1905-1955, but only 
about one-quarter to the total 20th-century 


warming. The combined warmth produced by 
solar variability and volcanism in the 1 950s is 
similar in magnitude but shorter in duration 


Results 

The modeled responses to individual forcing 
terms (Fig. 3 A) indicate that the post- 1850 
GHG and tropospheric aerosol changes are 
similar to those discussed in IPCC (42). COj 
temperature variations are very small for the 
preanthropogenic interval, although there is a 
0.05°C decrease in the 17th and 18th centu- 
ries that reflects the COj decrease of ~6 parts 
per million in the original ice core record 
(JS). Solar variations are on the order of 
0.2°C, and volcanism causes large cooling 
(4S) in the Little Ice Age (5-7, P, 70). Aver- 
aged over the entire preanthropogenic inter- 
val (Table 1), 22 to 23% of the decadal-scale 
variance can be explained by volcanism (P < 
0.01). However, over the interval 1400-1850, 
the volcanic contribution increases to 41 to 
49% (P < 0.01), thereby indicating a very 
important role for volcanism during the Little 
Ice Age. 

The sim-climate correlations for the inter- 
val 1000-1850 vary substantially by choice 
of solar index (Table 1), with explained vari- 
ance ranging from as low as 9% (P < 0.01) 
for the •'‘C residual index (37) to as high as 
45% (P < 0.01) for the Bard e/ al. (30) 
solar index, which reconstructs a Medieval 
solar wanning comparable to the present cen- 
tury but only about 0.1 °C greater than pre- 
dicted by the other solar indices (Fig. 3A). 
The large range in correlations for the solar 
records emphasizes the need to determine 
more precisely the relative magnitude of the 
real Medieval solar warming peak. 

The joint effects of solar variability and 
volcanism (Fig. 3B) indicate that the combi- 
nation of these effects could have contributed 

Table 1. Correlations of volcanism (vole.) and 
solar variability (sol.) for the preanthropogenic 
interval, with percent variance shown in parenthe- 
ses. The different solar time series reflect the three 
different solar indices used in this study. The Mann 
et al. time series (77) has been smoothed with an 
11-point filter. CL was smoothed in the original 
analysis (72). Different abbreviations for solar 
forcing refer to the different indices discussed in 
the text: ’°Be and ’"'C calculations are from Bard 


et at. 

(30); '*C residuals are from 

Stuiver 

• et al. 

(31). 
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0.45 

(20%) 

Sol (’■ 

*C Bard) vs. Mann et al. 
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Fig. 3. (A) Model response to different forcings, calculated at a sensitivity of 2.0°C for a doubling 
of COj. (B) Example of the combined effect of volcanism and solar variability (with 11-point 
smoothing), using the Bard et al. (30) ''‘*C index. 
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Fig, 4. Comparison of model response (blue) using all forcing terms (with a sensitivity of 2.0“C) 
against (A) the CL (72) data set spliced into the 11-point smoothed Jones et al. (16) Northern 
Hemisphere instrumental record, with rescaling as discussed in the text and in the Fig. 1 caption; 
and (B) the smoothed Mann et al. (77) reconstruction. Both panels include the Jones et al. 
instrumental record for reference. To illustrate variations in the modeled response, the '’‘‘C 
calculation from Bard eta/. (50) has been used in (A) and the ’°Be estimates from (30) have been 
used in (B). 
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than the warmth simulated by these mecha- 
nisms in the Middle Ages. The variations in 
the past few decades resulting from the com- 
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bination of solar variability and volcanism is 
0.2°C less than the 1955 peak. 

Combining all forcing (solar, volcanism. 
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Fig. 5. Analysis of preanthropogenic residuals in the paleo records. (A) Estimates of residuals using 
all combinations of temperature reconstructions and total forcing (including three different solar 
indices), with trend lines fitted for each of the six residuals. (B) Control runs (detrended) from three 
different coupled ocean-atmosphere models (46): the NOAA/GFDL model (NOAA Geophysical 
Fluid Dynamics Laboratory) (orange), the HadCM3 model (Hadley Centre at the UK Meteorological 
Office, Bracknell, UK) (blue), and the ECHAM3/LSG model (European Centre/University of Ham- 
burg/Max Planck Institute fiir Meteorologie) (brown). For the sake of comparison with the paleo 
data, the GCM runs have been truncated to the same length as the paleo residuals and have been 
plotted using the arbitrary starting year of 1000. 


Table 2. Correlations between model runs with combined forcing and the Mann et al. (77) and CL (72) 
time series. Correlations have been subdivided into the following three categories: Top set Correlations 
for all the preanthropogenic interval 1005-1850 of model response to combined forcing (“All") with 
different solar indices (Table 1) and the 1 1 -point smoothed Mann et al. time series and CL2 record spliced 
into the ll-point smoothed Jones et al. (76) time series. Middle set; Correlations over the entire interval 
analyzed. Bottom set: Correlations and variance explained for the interval 1005-1993 using the original 
CLZ reconstruction from 1005-1965, with the smoothed Jones eta/. (76) record added from 1965-1993. 


Summary of pre- 1850 correlations, with variance shown in parentheses 


All ’“Be (solar) vs. Mann (smil) 0.64 (41%) 

All ’■‘C Brd (solar) vs. Mann (smi 1) 0.68 (46%) 

Alt ’■*C Stv (solar) vs. Mann (smil) 0.65(42%) 

All ’“Be (solar) vs. CLZ.Jns1 1 0.69 (48%) 

All ’■*C Brd (solar) vs. CL2.Jns11 0.80(64%) 

All ’“’C Stv (solar) vs. CL2,Jns1 1 0.68 (47%) 

Summary of correlations for 1005-1993, with variance shown in parentheses 
All ’“Be (solar) vs. Mann (smil) 0.68(46%) 

All ’■’C Brd (solar) vs. Mann (smil) 0.73 (53%) 

All ’■^C Stv (solar) vs. Mann (smil) 0.67 (45%) 

All ’“Be (solar) vs. CL2.Jns11 0.66 (43%) 

Alt ’^C Brd (solar) vs. CL2.Jns11 0.77 (59%) 

Alt ’“C Stv (solar) vs. CL2.Jns11 0.64 (41%) 

Summary of correlations for 1005-1993 against unfiltered CL time series, with 11 -point smoothed 
Jones et al. (16) record spliced in from 1965-1993 

All ’“Be (solar) vs. CLZ.Jns 1 1 0.75 (57%) 

All ’'’C Brd (solar) vs. CL2.Jns11 0.83 (69%) 

All ’“C Stv (solar) vs. CLZ.Jns1 1 0.74 (54%) 


GHG, and tropospheric aerosols) results in 
some striking correspondences between the 
model and the data over the preanthropogenic 
interval (Fig. 4). Eleven-point smoothed cor- 
relations (44) for the preanthropogenic inter- 
val (Table 2) indicate that 41 to 64% of the 
total variance is forced (P < 0.01). The high- 
est correlations are obtained for the CL time 
series, which has slightly more Medieval 
warmth than the Mann et al. reconstruction, 
and for the forcing time series that includes 
the largest solar estimate of Medieval 
warmth. Forced variability explains 41 to 
59% of the variance (P < 0.01) over the 
entire length of the records. Although simu- 
lated temperatures agree with observations in 
the late 20th century, simulations exceed ob- 
servations by ~0.1“ to 0.1 5°C over the inter- 
vals 1850-1885 and 1925-1975, with a larg- 
er discrepancy between —1885-1925 that 
reaches a maximum offset of ~0.3°C from 
—1900-1920. However, decadal-scale pat- 
terns of warming and cooling are still simu- 
lated well in these offset intervals. A sensi- 
tivity test (45) comparing forcing time series 
with and without solar variability indicates 
that changes caused by volcanism and CO^ 
are responsible for the simulated temperature 
increase from the mid- to late 19th century to 
the early 20th century, thereby eliminating 
uncertainties in solar forcing as the explana- 
tion for the temperature differences between 
the model and the data. Also shown in Fig. 
4A is the CL reconstruction with the “anom- 
alous” warm interval (—1885-1925) dis- 
cussed above. For this reconstmction, 55 to 
69% of the variance from 1005-1993 can be 
explained by the model (P < 0.01). 

Another means of evaluating the rote of 
forced variability is to determine residuals by 
subtracting the different model time series 
from the two paleo time series over the pre- 
anthropogenic interval (Fig. 5A). The trend 
lines for three of these residuals are virtually 
zero, and there is only about a ±0.1 “C trend 
for the other three residuals. Because the 
pre- 1850 residuals represent an estimate of 
the unforced variability in the climate system, 
it is of interest to compare the smoothed 
residuals with smoothed estimates of un- 
forced variability in the climate system from 
control runs of coupled ocean-atmosphere 
models. There is significant agreement (Fig. 
5B and Table 3) between the smoothed stan- 
dard deviations of the GCMs (46) and paleo 
residuals (47). These results support a basic 
assumption in optimal detection studies (1) 
and previous conclusions (48) that the late- 
20th-century warming cannot be explained 
by unforced variability in the ocean-atmo- 
sphere system. However, a combination of 
GHG, natural forcing, and ocean-atmosphere 
variability could have contributed to the 
1930-1960 warm period (/, 9, 10, 49). 

One way to highlight the unusual nature 


274 


14 JULY 2000 VOL 289 SCIENCE www.sciencemag.org 




206 


of the late-20th-century warmth is to subtract 
all forcing other than COj (solar, volcanism, 
and tropospheric aerosols) and examine the 
late-20th-century residuals within the context 
of the previous 1000 years (Fig. 6). There is 
an unprecedented residual warming in the 
late 20th century that matches the warming 
predicted by GHG forcing. Projection of the 
“Business As Usual” (BAU) scenario into the 
next century using the same model sensitivity 
of 2.0°C indicates that, when placed in the 
perspective of the past 1000 years, the warm- 
ing will reach truly extraordinary levels (Fig. 
6). The temperature estimates for 2100 also 
exceed the most comprehensive estimates 
(Jt?) of global temperature change during the 
last interglacial (—120,000 to 130,000 years 
ago) — the warmest interval in the past 
400,000 years. 

Discussion 

Forcing a linear energy balance model with 
independently derived time series of volca- 
nism and solar variability indicates that 41 to 
64% of the preanthropogenic low-frequency 
variance in temperature can be accounted for 
by external factors. These results were ob- 
tained without any retuning of the climate 
model. When the same sensitivity for the 
preanthropogenic interval is used for the past 
1 50 years, there is good agreement with tem- 
peratures in the late 20th century. Some cau- 
tion is needed in interpreting the agreement 
between models and data for a 2.0°C sensi- 
tivity, because a more detailed analysis of 
uncertainties (47) might yield slightly differ- 
ent sensitivities than simulated here (57). 
Also, statistical methods better constrain the 
minimum than the maximum sensitivity (52). 
If paleo records are shown to have had larger 
amplitude than used in this study (18), mod- 
el-data correlations should still be valid but 
the best fit sensitivity would be greater. 

The largest model-data discrepancy over 
the entire past 1000 years is from —1885- 
1925, peaking in —1900-1920. Although 
such differences could reflect random uncer- 
tainties in the paleo reconstructions (Fig. 1) 
or forcing fields, the consistent offset be- 
tween model and data suggests the need to 
identify one or more specific explanations for 
the differences. For example, two factors that 
could be contributing to the model-data dif- 
ferences in this interval are: (i) mid-latitude 
land clearance may have increased albedo 
and caused slightly greater cooling than sim- 
ulated (55), and (ii) warming may be under- 
estimated in the early stage of the instrumen- 
tal record because of sparse data coverage 
(16). As discussed above, there is evidence 
for warming in some of the high-elevation 
data in the original CL (/2) reconstraction 
and in the comprehensive Overpeck et al. (6) 
Arctic synthesis. Many alpine glaciers started 
to retreat around 1850 (54). There is also 
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some evidence for warming of tropical 1850 temperature reconstructions, forcing es- 

oceans in the late 19th century (16), but the timates, and model responses are correct, the 

data are very sparse. More data and model model-data agreement in this study suggests 

analyses would be required to test these and that factors such as thermohaline circulation 

other possible explanations. changes (55) may have played only a second- 

Analysis of residuals in the pre-1850 in- ary role with respect to modifying hemispher- 
terval reveals little or no trend. If the pre- ic temperatures over the past 1000 years (56). 



1000 1200 1400 1600 1800 2000 


Year 

Fig. 6. Comparison of the GHG forcing response (from Fig. 3) with six residuals determined by 
removing all forcing except GHG from the two different temperature reconstructions in Fig. 1. As 
in Fig. 5, the three different estimates of solar variability were used to get one estimate of the 
uncertainty in the response. This figure illustrates that GHG changes can explain the 20th-century 
rise in the residuals; ±2 standard deviation lines (horizontal dashed lines) refer to maximum 
variability of residuals from Fig. 5A (inner dashes) and maximum variability (outer dashes) of the 
original pre-1850 time series (Fig. 1). The projected 21st-century temperature increase (heavy 
dashed line at right) uses the IPCC BAU scenario (the "so-called IS92a forcing") for both GHG and 
aerosols (sulfate and biomass burning, including indirect effects), and the model simulation was run 
at the same sensitivity (2.0®C for a doubling of CO^) as other model simulations in this article. The 
IS92a scenario is from (59). 


Table 3. Comparison of smoothed standard deviations (in *C) of 850-year Northern Hemisphere 
preanthropogenic residuals from observations with smoothed 850-year coupled ocean-atmosphere GCM 
control runs (46). All records were detrended except for the original smoothed paleo time series. 


Mann et al. (smil) 

CL 

ECHAM3/LSC* (smil) 

CFDLt (smil) 

HadCM3t (smil) 

Summary statistics for 11-year smoothing 
Paleo residuals 
CCMs 

Summary statistics for 51 -year smoothing 
Paleo residuals 
CCMs 

Original smoothed paleo time series (1005-1850) 
Mann et al. 

CL 


0.066“-0.075»C 

0,054‘>-0.061'’C 

0,058’’C 

0.072'’C 

0.086‘’C 

0.064° ± 0.QO9°C 
0.072' ± 0.01 4°C 

0.042° ± 0.01 0°C 
0.044° ± 0.01 0°C 

0.086°C 

0.092°C 


’The European Centre/University of Hamburg/Max Planck Institute fur Meteorologie model. fThe NOAA Geophysi- 
cal Fluid Dynamics Laboratory model, Princeton. New Jersey. {The Hadley Centre model at the UK Meteorological 
Office, Bracknell. UK. 
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Mann et ai {11) suggested that the decrease 
in summer insolation since the early Holo- 
cene (57) also could have contributed to the 
cooling between the Middle Ages and the 
Little Ice Age. However, calculations {58) do 
not support this suggestion. 

There are therefore two independent lines 
of evidence pointing to the unusual nature of 
late-20th-century temperatures. First, the 
warming over the past century is unprece- 
dented in the past 1000 years. Second, the 
same climate model that can successfully ex- 
plain much of the variability in Northern 
Hemisphere temperature over the interval 
1000-1850 indicates that only about 25% of 
the 20th-century temperature increase can be 
attributed to natural variability. The bulk of 
the 20th-century warming is consistent with 
that predicted from GHG increases. These 
twin lines of evidence provide further support 
for the idea that the greenhouse effect is 
already here. This assertion may seem sur- 
prising to some because of continuing uncer- 
tainties with respect to the dynamical re- 
sponse of the ocean-atmosphere system and 
radiative forcing feedbacks (both direct and 
indirect) of, for example, clouds, biomass 
burning, and mineral dust. Although regional 
climate change is almost certainly influenced 
by these complex dynamic and thermody- 
namic feedbacks, the striking agreement seen 
in this study between simple model calcula- 
tions and observations indicates that on the 
largest scale, temperature responds almost 
linearly to the estimated changes in radiative 
forcing. The very good agreement between 
models and data in the preanthropogenic in- 
terval also enhances confidence in the overall 
ability of climate models to simulate temper- 
ature variability on the largest scales. 
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Mr. Whitfield. Thank you. Dr. von Storch, you are recognized for 
5 minutes. 

Dr. von Storch. Thank you very much for inviting me here. I just 
wanted to mention that I am joined here by my colleague, Eduardo 
Zorito, from the same laboratory sitting there in the back. 

Next transparency, please. So I am just summarizing my paper here. 
So first scientific aspects. So the progression-type methods of the so- 
called hockey stick studies of Mann, Bradley, and Hughes suffer from a 
number of problems which should have been addressed before the 
hockey stick was elevated to an authoritative description of the 
temperature history of the past 1,000 years. It says 1,000 to 2,000 years 
but that is an error. 

Second, the claim by the IPCC third assessment report, that is the 
2001, that there is reliable evidence that climate is beginning to change 
due to human action was based on a number of different lines of 
argument which are insensitive to the validity of the MBH studies, that 
is, the present debate about the validity of the hockey stick is of marginal 
relevance for the detection of present anthropogenic climate change. I 
claim the major problems are not of a statistical nature but are related to 
the social practice of climate change studies. 

Next transparency, please. In the Wegman report, let me say a few 
words about the Wegman report. We have in our working group 
examined how serious the error of biased centering would be on the 
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overall results given a temperature history reminiscent of the IPCC 1990 
version. The paper has been published and the effect is very minor. It 
does not mean that it is not a glitch but it really doesn’t matter here, at 
least to the extent we could test it. 

There are other aspects which are much more relevant I would have 
hoped that Dr. Wegman would have taken this up, that is, the usage of 
the trend as a key element for training the progression model. It is a bit 
funny to use the trend to train something and I will show you in a second 
what that means. 

And second, the method of something, what is called scaling, that is, 
that you artificially make sure that the variance of the predictor, that is, 
the temperature, equals the variance of the predicted temperature, the 
derived temperature. So you multiply it by a number so that it just 
comes out as if you could explain the total variance by the proxy. You 
cannot. You know that you cannot do it and therefore you introduce an 
error which you cannot avoid. 

Third, we welcome the suggestion by Wegman and his colleagues to 
invest much more effort to examine the error structure in deriving 
temperature data from proxies. 

There are two main issues. First is the homogeneity of proxies. If in 
the year I960 the tree ring means something for temperature— no, I mean- 
-yes, it does not mean that this is the same information in the year 1200. 
It could be that the process to get out the information from a 1200 tree 
ring is different from the 1960. Second, the instationarities of the late 
proxy and temperature. We know that there are some problems at least 
that has been explained at the Academy hearing that nowadays the link 
between temperature and CO 2 seems to be damaged. When Hughes was 
asked what the reason could be, he gave three different hypotheses, and 
when he was asked, do you think it could have happened in the past, the 
answer was yes. So it could be that the link which we see now these 
days in the past 100 years or so would be different than previous times. 
We cannot know that and we have to think about how to model this 
effect. 

The next transparency, please. That shows the danger of relying on 
trends. So you see here, a times series throughout the instrumental 
period, that is, the period when we think we have enough data to derive 
Northern Hemisphere mean annual temperature from instrumental data, 
and you see in yellow, that is the area when the method has been trained 
and then we see it has been trained from 1910— well, it has been trained 
for a longer time showing a 21 -year running means. And the red curve is 
what the MBH method was indicating the temperature variation should 
have been in this period and the black is a new analysis of the climate 
research unit. It was produced after that was done, and now what you 
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see here is that the green and the black curve are very nicely coincident 
during the trend but nothing else. Nothing else is reproduced and so it is 
just what this method is fixing up is the trend and nothing else, or it may 
be so. One should check that out. And so this is a bit dubious. 

Next transparency, please. Understand that you are concerned about 
the quality control process of climate change science, and I would claim 
that parts of climate change science, in particular paleoclimatic 
reconstructions have suffered from gatekeeping and insistence usage of 
reviewers. I myself can say that they were always the same type of 
reviews we got, the same style and I am sure that it was the same person 
and I am sure it was the person we have spoken about here quite a bit. 

And I also claim that editors in science magazines have failed to 
ensure the reproducibility of key results. The methods have not been 
described properly and their data one could not access. Part of the mess 
here is due to the practice of Nature and Science that they have a bias 
towards interesting results. I mean, they have— their way of operating is 
not only that the results are innovative and valid but they must also be 
interesting. Then what I think is really not good that in the IPCC process 
experts assess their own work. 

That is, to conclude this, climate change science has suffered from 
limiting action of gatekeepers and the public preference for interesting 
results. Climate change science should provide stakeholders with a 
broad range of options and not narrow this range to reduce numbers of 
options preferred for certain world use. 

I was a bit disappointed about the comment from the lady from 
Illinois who said aren’t you afraid if you say this that this would have 
negative implications for the policy process. I mean, is that really— I 
mean, I was kind of shocked. I mean, should we really adopt what we 
say if that is useful for the policy process? Is that what you expect from 
science? If we give advice, that we first think is it useful for something. 
I think that is not the way we should operate, or if we do that, you should 
not listen to us. 

Next transparency. This is not to please the people on the right-hand 
side. The acceptance of the IPCC in the community, this is actually— it is 
very well accepted and it is very hard to see this but it is the result of a 
survey which was asking to what extent do you agree or disagree that the 
IPCC report is of great use of the advancement of science. That is on the 
left-hand side. And then you see a statistical description of the 
responses. At the bottom they would say strongly agree. At the top they 
would say strongly disagree. And then there are— on the left-hand side 
there are results from 1996 and on the right-hand side 2003, one block 
for U.S., the other for E.U., and you see in 1996 there was a median of 
three. That means people, most said well, it is useful. In 2003 the 
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median was two, so they are much more convinced that this is done well. 
And the same result is with a question to what extent do you agree or 
disagree that the IPCC reports accurately reflect the consensus of thought 
within the scientific community. So there is broader agreement that the 
community is doing right even though I don’t think that the Oreskes 
study was done well and there have been numerous responses on that 
which have not been accepted by science for whatever reasons. 

The last transparency, please. We have to keep in mind that climate 
change science takes place in a cultural context. It has something to do 
with what we think we have been trained at and a possibly remarkable 
result is that the concept of anthropogenic climate change is not new in 
Western culture. This is not a new invention in the history of this. We 
have documented very many cases and the first scientific publication we 
have on that is from 1781 by a physician named Williamson from 
Philadelphia who was speaking about the changing climate due to human 
action. At that time the weather in this part of the world was greatly 
improved because of taking away forests. 

Second, climate change science is something what we call post- 
mormal, that means it goes along with high uncertainties and high 
relevance. In that case, it is quite normal that the boundaries between 
value-driven agendas and curiosity-driven science get blurred and we 
should admit that there is a considerable influence of extrascientific 
agendas on the scientific process of climate change studies. I think we 
have seen that today also. The processes of climate change studies need 
to be analyzed and accompanied by social and policy scientists. So this 
process we are seeing here, how we argue, we should be something like- 
yes, always an analysis by social scientists and I think what Dr. Wegman 
and his colleagues started to do was quite useful in this respect, that we 
understand to what extent we are driven by non-scientific motives, and 
this ends my presentation here. 

[The prepared statement of Dr. Hans von S torch follows:] 

Prepared Statement of Dr. Hans von Storch, Director of Institute for Coast 
Research, GKSS-Research Center, Germany 

Introduction of person 

I, Hans von Storch, have been actively involved in climate science since the early 
1980s. I have held positions with the Meteorological Institute of the University of 
Hamburg and at the Max-Planck Institute for Meteorology in Hamburg. At the present 
time, I am a director of the Institute for Coastal Research of the GKSS Research Center 
in Germany. I have co-authored more than 120 peer-reviewed articles on various issues 
of climate dynamics, climate statistics, climate change and climate impact as well as the 
textbook “Statistical Analysis in Climate Research” (together with Francis Zwiers) 
published by Cambridge University Press. I was a lead author of Chapter 10 of the Third 
Assessment Report of the IPCC, but I am not involved in the Fourth Assessment Report 
of the IPCC. 
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Based on the scientific evidence, I am convinced that we are facing 
anthropogenic climate change brought about by the emission of greenhouse gases 
into the atmosphere. 

For further personal details please refer to my web-page: http://w3g.gkss.de/staff/storeh. 
Hans von Storch 

Director of Institute for Coastal Research, GKSS Research Center, Geesthacht, Germany 
Professor at Meteorological Institute, University of Hamburg, Hamburg, Germany 
e-mail: hvonstorch@web.de, mobile +49 171 212 2046 

Outline 

I briefly address three aspeets of the hoekey-stiek issue, namely 

1. Seientifie aspeets: 

- How valid are the regression-type methodologies for reeonstruetion historieal 
elimates? 

- How relevant are these reeonstruetions for elaims that we presently experienee 
a elimate ehange outside the range of what we eonsider as “normal” (no human 
interferenee). 

2. The proeess of aehieving sueeess of a seientifie knowledge elaims in the 
elimate seienee eommunity: 

- Independenee of the review proeess or presenee of gatekeepers. 

- Reprodueibility 

- Seleetion proeess by Nature & Seienee. 

- Aeeeptanee by IPCC assessment proeess. 

3. The soeial eonditioning of elimate seienee: 

- The history of pereeived anthropogenie elimate ehanges. 

- Post-normal seienee. 

On the basis of my analysis I draw a eouple of eonelusions, ehief being that the 
proeess of elimate seienee must be organized in a sustainable manner. This means that 
elimate seienee should be eondueted with a low sense of subjeetive passion; that elimate 
seienee provides “if-then” answers to questions soeiety poses; that it presents to the 
soeiety a broad range of possible poliey responses and does not restriet the range of 
poliey options to a small eorridor that appeals to eertain value-driven agendas. 

The eonditioning of seienee by the eulture of its aetors and soeiety is unavoidable. 
However, the seientists ean attempt to make sueh influenees explieit by aeknowledging 
and explieitly refleeting on sueh influenees, espeeially by engaging soeial seientists in the 
proeess of eritieal self-refleetion. The Wegman-report elaims that a major problem in 
studies sueh as MBH would be an insuffieient engagement by mainstream statistieians. I 
think a major problem with this study and its transformation into a poliey-relevant issue 
is an insuffieient eomprehension of the soeial dynamies of the post-normal proeess of 
(not only) elimate seienee. 

There are three appendiees to this doeument: 

1 . My responses to the “Boehlerf’-questions given at the NRC hearing on Mareh 
2, 2006 in Washington. 

2. A eontribution to the debate about the “Barton-letters” on the “Prometheus”- 
weblog http://seieneepoliey.eolorado.edu/prometheus/ dated July 8, 2005 
(http://seieneepoliey.eolorado.edu/prometheus/arehives/elimate_ehange/000486 
hansvonstorehonb . html) 

3. An English translation of an artiele published in the German weekly “DER 
SPIEGEE” (4/2005): von Storeh and Stehr: A elimate of staged angst. 
(http://seieneepoliey.eolorado.edu/prometheus/arehives/elimate_ehange/000343 
a_elimate_of_staged_.html) 
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Scientific aspects 

How valid are the regression-type methodologies for reconstruction historical 
climates? 

The key statistieal assumption of any of sueh methods is the uniformity of 
informational eontent in the proxies whieh are regressed on the elimate variables (mostly 
temperature). In other words, are these data influeneed by non-elimatie variable faetors 
(inhomogeneity), is the transfer funetion linking proxies and temperature eonstant in time 
(stationarity)? Likely, most if not all proxy data (tree rings, eoral rings, vine harvests) 
suffer from some inhomogeneities and instationarities. This is unavoidable and has to be 
dealt with by using additional insight into the system, e.g. by data assimilation 
approaehes eombining limited theoretieal (models) and empirieal knowledge (uneertain 
data). 

Regression-type models are designed so that they return only part of the full 
variability of the variable of interest, namely that part whieh ean be traeed baek to the 
proxies. Not all of the variability ean be aeeounted for in this way. The differenee in 
variability of temperature and of proxy-derived temperature is dealt with by “sealing”, 
i.e., by applying a suitable normalization. If “sealing” is used, then the basie prineiple of 
regression is violated, as the part of variability in the predietand (temperature), whieh ean 
not statistieally traeed baek to the predietor (proxy), is nevertheless related to predietor- 
variability. Sealing is useful, when the transfer funetion is not regression (sereening of 
eo-variability of two variables) but based on physieal arguments. 

Nevertheless, attempts like those by MBH are useful and should be explored. They 
may provide useful estimates. The problem with MBH was that the result was presented 
by the IPCC and others in a manner so that one eould believe a realistie deseription of 
historieal temperature variations had sueeessfully been aehieved. The NRC report 
published in June 2006 has made elear that sueh a belief was ineorreet. 

How relevant are these reconstructions for claims that we presently experience a 
climate change outside the range of what we consider as “normal” 

Whether the present elimate is influeneed by non-natural faetors is answered 
through “deteetion” studies. Sueh studies are based on the insight that the predieted signal 
of human-eaused elimate ehange should emerge in most reeent times from the natural 
variability. Seeond, one would expeet it to manifest itself with a higher “than normal” 
rate of change. Thus, the signal is expeeted to be a rapid warming in the most reeent past. 
The method to test this hypothesis is to find out if we have a “steeper-than-normal” 
reeent upward temperature trend. The hypothesis is not “we have a period whieh is 
warmer than ever in historieal times”. In that sense the elaim whether the last deeade is 
the warmest of the past millennium is not relevant to deteetion; the question is whether 
the reeent rate of warming is markedly stronger than what has happened in the past. 

The hypothesis is tested by framing the problem as a statistieal test of a null 
hypothesis. The null hypothesis reads “the present trend is of natural origin”. Then, one 
determines the range of trends eonsistent with natural variability - and rejeets the null 
hypothesis (and aeeepts the hypothesis that the trends is not of natural origins) if the 
present trend is larger than, say, 97.5% of trends originating entirely from natural 
variability. 

The erux of this approaeh is of eourse the determination of the range of trends whieh 
are observable under natural eonditions. To do so, one may rely only on the instrumental 
period, whieh is eontaminated by the expeeted signal and rather short, on multi-eentury 
reeonstruetions as MBH and on extended model simulations of undisturbed eonditions. 
Obviously the determination of the range of “normal” trends is uneertain and absolute 
eertainty ean not be attained within a reasonable time. 
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We^ have examined whieh range the different historieal reeonstruetions suggest. To 
do so, the time series of reeonstruetions have been “modelled” as a long-memory proeess, 
and standard deviations of trends are derived. Here, the trend is defined as the differenee 
of two 30 years means 100 years apart. Then these trends are determined from the 
instrumental reeord as given as multiples of the standard deviations derived from the 
different reeonstruetions. 
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The result is given in the diagram; the eurves are all the same, but they differ in 
seale beeause of the unit of different standard deviations derived from the reeonstruetions 
given at the figure eaption. The horizontal dashed lines mark 2, 2.5 and 3 standard 
deviations. Two standard deviations eorrespond to a risk of false rejeetion of the null 
hypothesis of 2.5%. 

Obviously, in all eases, the eritieal 2-standard deviation mark is passed sometimes in 
the past deeades; in ease of MBH this happens very early, while in Moberg’s more 
variable reeonstruetion at about 1980. 

I conclude that the claim of “detection of anthropogenic climate change” is 
valid independently of which historical temperature reconstruction one chooses to 
believe in. 

It should also been taken notiee that the elaims of sueeessful deteetion on non- 
natural warming trends and its attribution to ehiefly elevated greenhouse gas 
eoneentrations in the atmosphere in the Third Assessment report were not based on the 
historieal reeonstruetions but on the analysis of the instrumental temperature reeord as 
well as on numerieal experiments with elimate models. 


The process of achieving success of a scientific knowledge claim in the climate 
science community 

A normal condition in the progress of science is that knowledge claims are accepted 
only after a "peer-review” process. The peer-review process attempts to assure that 
knowledge claims are consistent with the empirical evidence, and properly related to 
contemporary accepted knowledge claims, and that the methods are sound and are 
reproducibly described. The “peer-review” process does not eliminate the possibility that 
new ideas are rejected since they may contradict contemporary, powerful but possibly 
false knowledge claims (see Ludwik Fleck’s seminal book on “Generation of a Scientific 
Fact”). In order to minimize such a danger, the verdict of peer-reviewers should, to first 
order approximation, be independent of the persons involved in the review process. 
Nonetheless, the danger is that a few scholars may become powerful gatekeepers, for 


^ Rybski, D., A. Bunde, S. Havlin,and H. von Storch, 2006: Long-term persistence in climate and the 
detection problem. Geophys. Res. Lett. 33, L06718, doi:10.1029/2005GL025591 
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example as reviewers who are regularly ealled upon or as editors of seientifie journals. 
The primary goal of sueh gatekeepers is to fend off publieations whieh may eontradiet 
their own thinking, and not to ensure that only internally eonsistent and plausible 
publieations reaeh the market of knowledge elaims (i.e. seientifie journals). 
Unfortunately this seems to have happened in the field of historieal global elimate 
reeonstruetions, where a small group of seientists has exerted an undue eontrol of the 
entire field. 

Usually, a further meehanism more elosely tied to the substanee of researeh is used 
to quality-eontrol seientifie knowledge elaims, namely reproducibility. This meehanism 
has eeased to operate in some quarters of paleo-elimate seienee, sinee some seientists 
eonsider “their” data as their personal property and not that of the seientifie eommunity, 
so that others are unable to ehallenge eonelusions drawn from these data by analysing the 
raw data in their own manner. Although sueh seereey is a very human trait it violates the 
norms of seienee. Even hostile eompetitors should have an opportunity to independently 
re-examine the empirieal evidenee for eonelusions drawn by others, in partieular when 
they beeome relevant for the poliey domain. Data must be beeome publie; the methods 
employed must be deseribed in algorithmie detail. 

Another relevant aspeet is the funetioning of the two prestigious journals ''Science'' 
and "Nature". The journals enjoy high esteem within and outside of the seientifie 
eommunity as having the highest seientifie standards, whieh is not always the ease. The 
eontents of Nature and Seienee also reeeive exeeptional attention in the media world- 
wide. However, different from “normal” seientifie journals, the editorial deeision to 
aeeept a seientisf s eontribution to Seienee or Nature is also based on the newsworthiness 
of the researeh eontribution. The presented results must not only be valid and innovative 
but must also be of interest for a wider eommunity of readers. Sueh a eriterion is 
reasonable from a eeonomie point-of-view, but it elearly introduees a filter in what is 
reaehing the publie is not solely based on the seientifie merit of researeh. Researeh results 
with stronger media appeal fare better in this eompetition of seientifie findings; results 
biased towards higher sensitivity to human interferenee are more interesting to a broad 
audienee than findings that report low sensitivities. In addition, there may also be a bias 
towards eertain authors, who are well known, beeause they enjoy publie visibility, or 
eommand appealing writing skills, “sell” well. Sometimes sueh eontributions are invited. 

Another problem with the same journals is that their artieles must be relatively short 
so that teehnieal aspeets eannot be deseribed in any detail; indeed, the MBH publieation 
was eursory on the methodieal side - thus the statistieal method, the validation and the 
reprodueibility, have not been seriously subjeet to the review proeess. Ironieally, after 
publieation in “Nature” the method was eonsidered “peer-reviewed” and thus valid. 
However, this was not the ease, as the method had not been properly deseribed. 

The IPCC has different levels of operation - the generation of the teehnieal ehapters, 
whieh is done by a group of “lead authors”, headed by “eonvening lead authors”, and the 
proeess of arriving at a SPM (Summary for polieymakers) and other overall assessment 
doeuments, whieh is done by the eonvening lead authors and representatives of the 
eountries. 

How the seleetion proeess of lead and eonvening lead authors is done, I do not know 
- but it is elear that the “lead authors” are supposed to be experts in the field. This leads 
to the situation that the IPCC ehapters are dominated by the authors of the most 
influential artieles in their respeetive fields of researeh. Partieipation as a lead or 
eonvening lead author has the advantage that one ean make sure that one’s own work is 
positively eovered in the IPCC report. However, most lead and eonvening lead author 
exeel as honest brokers, but some level of gatekeeping may prevail. Indeed, the 
reputation of the IPCC among seientist has inereased to very high levels in the past years. 

The IPCC proeedure differs markedly from the proeedure adopted by the National 
Researeh Couneil assessment. In that ease, a group of eminent seientists was ehosen, who 
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have contributed to the issue only little or not at all, but have a god understanding of the 
field as a whole. These scientists then invited a group of experts to present the different 
angles and knowledge claims. I consider the NRC procedure better in assessing the field 
of knowledge than the IPCC approach. It may be, however, that the NRC approach can 
not be used for such a complex and large field, which the IPCC is covering. 

In case of the MBH temperature reconstruction one should note that in the technical 
chapter of the TAR different reconstructions had been presented; it was the SPM and the 
synthesis report, where the range of reconstructions was reduced to just one, the MBH. It 
would be interesting to learn how this could have happened. 

The social conditioning of climate science 

Science is a social process, which, as all social processes, is conditioned by the 
culture of the actors. This does not mean that scientists would do their analysis 
irrationally or in a biased manner, but it means that our questioning may by guided by 
culturally constructed concerns and interests. Also, we may be convinced of the validity 
of some findings more easily if these findings are consistent with our prior lay- 
knowledge. 

The history of perceived anthropogenic climate changes 

It has often been claimed that anthropogenic climate change is a recent concept. This 
is incorrect. In the history of ideas of the past 1000 years, we^ have found a number of 
occasions when (western) people have used the concept to explain observed changes: 

“During the last 20 years the concept of anthropogenic climate change has left 
academic circles and become a major public concern. Some people consider 
‘global warming’ as the major environmental threat to the planet. Even though 
mostly considered a novel threat, a look into history tells us that claims of 
humans deliberately or unintentionally changing climate is a frequent 
phenomenon in Western culture. Climate change, due to natural and 
anthropogenic causes, has often been discussed since classical times. 
Environmental change including climate change was seen by some as a biblical 
mandate, to ‘complete the Creation’. In line with this view, the prospect of 
climate change was considered as a promising challenge in more modern times. 
Only since the middle of the 20th century, has anthropogenic climate change 
become a menacing prospect. The concept of anthropogenic climate change 
seems to be deeply embedded in popular thinking, at least in Europe, which 
resurfaces every now and then after scientific discoveries. Also, extreme 
weather phenomena have in the past often been explained by adverse human 
interference. 

This finding is insofar relevant as it points out that we, as members of the western 
culture, are somehow prepared to accept “anthropogenic influence” as an explanation for 
otherwise unexplainable events, such as a cluster of extreme events. Our common 
understanding is that such a human influence would be associated with negative impacts. 
This pre-conditioning may influence our process of drawing conclusions, in particular 
when we (scientists) deal with the problem of transferring scientific findings into the 
political arena. 


^ von Storch, H., and N. Stehr, 2000: Climate change in perspective. Our concerns about global 
warming have an age-old resonance, nature 405, 615 

^ von Storch, H. and N. Stehr, 2006: Anthropogenic climate change - a reason for concern since the 
18th century and earlier. Geogr. Ann., 88 A (2): 107-1 13. 
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Post-normal science. 

Most of environmental seienee is what soeiologists eall “post-normal”, i.e., loaded 
with high uneertainty on an issue of great praetieal importanee. Climate ehange seienee is 
an example of sueh post-normal seienee."^ 

A eharaeteristie of post-normal seienee is that the boundaries between seienee and 
value-driven agendas get blurred; that representatives of NGOs are eonsidered to know 
better about the funetioning and dynamies of systems than seientists; that parliamentarian 
eommittees delve into the teehniealities of seienee; that amateurs engage in the teehnieal 
debate: and that some seientist try to foree “solutions” upon polieymakers and the publie. 
In sueh a situation it beeomes entirely possible that individual seientists emphasize those 
insights whieh are assumed to influenee eertain poliey deeisions more foreefully, while 
downplaying others. 

Typieal for sueh a post-normal situation is the flooding of the media with books and 
movies whieh dramatize the issue. Reeent examples inelude: The Day After Tomorrow, 
State of Fear, Satanie Gases, The Revenge of Gaia, and An Ineonvenient Truth. 

In this situation we need a diseussion, not only among seientists about the role of 
seienee for the publie, whieh must be the provisions of options for poliey, not the 
narrowing of the range of options to satisfy different worldviews. To limit the influenee 
of non- or pre-seientifie knowledge elaims, soeial and poliey seientists need to analyse 
the different proeesses in elimate seienee, and the interdependenee of eulture, poliey, 
polities, media and elimate seienee. Even if seienee ean never be fully “objeetive”, it may 
nevertheless be possible to make elimate seienee a eonsiderably more objeetive praetiee 
than what we have in these days. 


Bray, D. and H. von Storch, 1999: Climate Science. An empirical example of postnormal science. 
Bull. Amer. Met. Soc. 80: 439-456 



222 


Appendices 

(a) My answers to Chairman Boehlerts questions, given at the NRC hearing 

What is the current scientific consensus on the temperature record of the last 1,000 or 
2,000 years? What are the main areas of uncertainty and how significant are they? 

• There is eonsensus on the “blade”, but the elaimed smoothness of the shaft is 
likely false. 

• The main problem is the loss of information eneoded in the proxy data and the 
shortness of the instrumental reeord for training the statistieal models. 

What is the current scientific consensus on the conclusions reached by Drs. Mann, 
Bradley and Hughes? What are principal scientific criticism of their work and how 
significant are they? 

Has the information needed to replicate their work been available? Have other scientists 
been able to replicate their work? 

• There is no eonsensus on the elaims (whieh?) made by MBH. The main eritique 
is that the method is suffering from a too large loss of variability on long time 
seales. 

• No, the information required for replieation was not made available in a 
suitable manner. The original publieation in “nature” did not provide this 
information and was obviously published without eareful review of the 
methodology. 

• Yes, the details of the method were finally determined, among others by Burger 
et al., who eheeked a wide range of eombinations of details - whieh all gave 
widely different results. 

How central is the debate over the paleoclimate temperature record to the overall 
consensus on global climate change? How central is the work of Drs. Mann, Bradley and 
Hughes to the consensus on the temperature record? 

• The main eonelusions about “deteetion and attribution” are drawn from the 
instrumental reeord and models; the different reeonstruetions do not eontradiet 
“deteetion”. 

• The MBH work is widely aeeepted as truth outside of people direetly engaged 
in the issue, beeause of a less than satisfaetory marketing by the IPCC. 
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(b) My posting on weblog “Prometheus” July 08, 2005 on the “Barton letters” 

My reaction to Rep. Barton's requests is split. In his five letters, he is asking for 
information from two different groups, namely institutions with reviewing 
responsibilities (IPCC, NSF) and individuals with scientific responsibilities (M, B and 
H). I find his inquiry of the performance of the institutions IPCC and NSF valid, but the 
interrogative questioning of the individual scientists is inadequate. 

a) Scientists. The scientists have the task to be innovative, creative, to try new 
avenues of analysis and the like. They have the right to err, the right to suggest 
explanations and interpretations which may need to be revised at a later time. They 
should document what they have done, so that others can replicate. 

However, this documentation often can not take the form of keeping runnable old 
codes of the applied algorithms, simply because the software is no longer consistent with 
quickly replaced hardware. For instance, most of the state-of-the-art coupled AOGCMs 
used in the mid 1990s are simply no longer available and running at, for instance, the 
German Climate Computer Center. After replacing a high performance computer with a 
new system, the standard model codes, including community models, need to be adapted 
to the requirements and possibilities of the new system, and the old code will often no 
longer run. This has nothing to do with the norms of the community but simply with 
technological progress. Also specific commercial libraries of specialized algorithms may 
no longer be accessible. Data and codes written on old magnetic tapes or even floppies 
are usually no longer readable. 

Therefore the documentation must take the form of a mathematical description of 
the algorithms used. This is in many if not most cases sufficient for replication. Also, the 
intention of replicability is not to exactly redo somebody's simulation and analysis, but to 
find the same result with a similar code and different but statistical equivalent samples. 
The problem is usually not that the codes contain errors (even if many of the more 
complex ones likely contain minor, mostly insignificant errors), but that specific elements 
of implementation and specific aspects of the considered sample of evidence will lead to 
conclusions, which do not hold if another sample is considered or a different but equally 
good algorithm is employed. The reason is that we want to learn about the dynamics of 
the real world, and these insights should not depend on random choices in sampling and 
implementation. We generally do not expect scientists to manufacture results, or that 
unintended but significant errors will affect the eventually published conclusions. 

Having this situation in mind, I consider Rep. Barton's requests to the three scientists 
as inadequate and out-of-scale. However, the language used by Rep. Barton makes me 
perceiving this request as aggressive and on the verge of threatening. 

The situation is different with the second groups of recipients, the: 

b) "Reviewers". Reviewers have a different role, namely they shall make sure that 
the standards of scientific reporting are held up. They have to ensure that the proposed 
explanations are considered by independent experts as to whether the presented analysis 
seems valid and in principle reproducible. "Independent" means that the reviewers have 
no vested interests for or against the case presented. In the conventional set-up these 
interests usually refer to academic schools of thought, but in the unfortunate, post-normal 
case of climate science independence from the political utility of the case should be 
established. 

In this case, I find the inquiry of Rep. Barton to be valid. The IPCC has failed to 
ensure that the assessment reports, which shall review the existing published knowledge 
and knowledge claims, should have been prepared by scientists not significantly involved 
in the research themselves. Instead, the IPCC has chosen to invite scientists, who 
dominate the debate about the considered issues, to participate in the assessment. This 
was already in the Second Assessment Report a contested problem, and the IPCC would 
have done better in inviting other, considerably more independent scientists for this task. 
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Instead, the IPCC has asked seientists like Professor Mann to review his own work. This 
does not represent an "independent" review. 

The NSF seems to have failed to ensure that suffieient information is provided about 
work done under its auspiees. 

Rep. Barton should also have asked the editors of "Nature", why the original 
manuseript was aeeepted for publieation even though the key aspeet of replieability was 
obviously not met by the MBH manuseript. Aetually, MBH eould not meet this eondition 
beeause of the striet length limitation of that journal (nowadays one would ask for 
extensive Supplementary Online Material). One should ask why the manuseript was 
aeeepted nevertheless - and not, as in many other eases, the manuseript was 
reeommended to be published in a "normal" journal without the severe length limitations. 
I believe the reasons for Nature were the joumalistie reasons - namely the expeeted broad 
interest in the subjeet. One should also ask why after the eritique von Meintyre and 
MeKitrik only MBH got the opportunity for a eorreetion of his paper, whereas the short 
manuseript of their opponents was rejeeted. 

To eonelude - the requests to M, B and H are not fair but may unfortunately lead to a 
repressive atmosphere within elimate seienee; the requests to NSF and the IPCC, 
however, are appropriate, as these institutions may have failed in a primary task, namely 
to guarantee an open seientifie diseourse. And, Rep. Barton should have ineluded the 
editors of Nature in his analysis. 
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A Climate of Staged Angst 
By Hans von Stored and Nieo Stehr 

The days are gone when elimate researehers sat in their ivory towers paeked to the 
rafters with supereomputers. Nowadays their field has beeome the stuff of thrillers, and 
they themselves have risen to take on the leading roles. The topie is so hotly eontested, 
the prognoses so speetaeular, that they are no longer merely the subjeet of media reports; 
now the speeialists in staged apoealypse have moved in. Last year Roland Emmerieh 
depleted a elimatie eollapse provoked by humankind in his film “The Day After 
Tomorrow.” Sinee last week the belletristie eounterpart has been available in German 
bookstores: the novel “State of Fear,” by the best-selling author Miehael Criehton. 

The thriller is about the violent eonfliet between sober environmental realists and 
radieal environmental idealists. For the idealists, the organized fear of abrupt elimate 
ehange serves as a handy weapon. They interpret every somehow unusual weather event 
as proof of anthropogenie global warming. “You have to strueture your information so 
that it’s always eonfirmed, no matter what kind of weather we have,” the P.R. eonsultant 
for the environmentalist organization advises. The realists, who protest that the evidenee 
that human aetivity has inereased meteorologieal extremes is thin, are fighting a losing 
battle. Their dry seientifie arguments are unable to gain any ground against the eolorful, 
horrifie visions of the elimate idealists. 

Film and novel have eertain aspeets in eommon. Where Emmerieh holds out the 
prospeet of a threatening elimate eatastrophe, the book prophesies an eeonomie eollapse. 
In both eases, greenhouse gases produeed by humankind are the eulprit - in the film, 
beeause the emissions themselves are too mueh; in the book, beeause the fear of them is. 
The idealists are so obsessed with their mission that ultimately, in order to rouse the 
publie, they themselves bring about the foretold eatastrophes. 

Despite a good deal of faetually untrue - and thus all the more striking - 
eompression, Criehton has quite eorreetly observed the dynamie of the paths of 
eommunieation among seientists, environmentalist organizations, the state and the 
eivilian population. For there is indeed a serious problem for the natural seienees: 
namely, the publie depietion and pereeption of elimate ehange. Researeh has landed in a 
erisis beeause its publie aetors assert themselves on the saturated market of diseussion by 
overselling the topie. 

Climate ehange of man-made origin is an important subjeet. But is it truly the “most 
important problem on the planet,” as an Ameriean senator elaims? Are world peaee, or 
the eonquest of poverty, not similarly daunting ehallenges? And what about population 
growth, demographie ehange or quite normal natural disasters? 

In the U.S., only a very few remain interested in the greenhouse effeet. At the end of 
the 1980s, the situation was still different. That was the era of the great drought of 1988, 
the Mississippi flood of 1993, and the elimate eapers ought by rights to have taken off in 
earnest from that point. But that never happened in the U.S., and interest petered out. 
Aeeording to a survey by the CBS television network in May 2003, environmental 
problems were no longer ranked among the six most important subjeets; and even within 
environmental problems, the topie of elimate eame in only in seventh plaee. In Germany, 
so far, things are still seen differently. But for how mueh longer? 

In order to keep the topie of “elimate eatastrophe” - a eoneept nonexistent outside 
the German- speaking world, by the way - eontinually in the publie eye, the media feel 
obligated, exaetly like the protagonists in Criehton’ s thriller, to keep framing the topie “a 
bit more attraetively.” At the beginning of the 1990s - severe storms had just swept 
through the eountry - one eould read and hear in the German media that storms were due 
to beeome ever more severe. Sinee then, storms have beeome rarer in northern Europe. 
But no notiee is taken of this. The faet that barometrie fluetuations in Stoekholm have 
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shown no systematic change in the frequency and severity of storms since Napoleon’s 
time is passed over in silence. Instead, there is now talk of heat waves and floods. Very 
much in the style of Crichton’s instigators of fear, the story is now that all manner of 
extreme events are on the increase. Thus even drought in Brandenburg and deluge on the 
Oder fit the picture without apparent contradiction. 

Add to this - besides normal floods and storms - other, more dramatically 
threatening, scenarios: the reversal of the Gulf Stream and the resultant cooling of large 
areas of Europe, for instance, or even the rapid melting of the Greenland ice pack. The 
question has already been publicly raised whether perhaps even the Asian tsunami can be 
attributed to the disastrous effects of human activity. 

This will not be able to hold the public’s attention for long. Soon people will have 
become accustomed to these warnings, and will return to the topics of the day: 
unemployment and Hartz IV, Turkey’s entry to the E.U. or whether Borussia Dortmund 
can avert disaster on the soccer field and in the boardroom. Thus we will see firsthand 
how the prophets of doom will draw the climatic dangers in even more garish colours. 
The terrifying visions to haunt the future can already be guessed at: the breakup of the 
west Antarctic shelf ice, which will cause the water level to rise much more rapidly, and 
after a few decades of uncontrolled carbon dioxide emissions, an abrupt rise in 
temperatures, giving us a deadly atmosphere like that of Venus. Prospects such as these 
have long been in the public eye; can they not compete effortlessly with Emmerich’s 
Hollywood images? 

The costs of stirring up fear are high. It sacrifices the otherwise so highly valued 
principle of sustainability. A scarce resource - public attention and trust in the reliability 
of science - is used up without being renewed by the practice of positive examples. 

But what do climate researchers themselves think, how do they deal with the media 
and the population? 

Public statements by noted German climate researchers give the impression that the 
scientific bases of the climate problem have essentially been solved. Thus science has 
provided the prerequisites for us now to react appropriately to the goal; meaning, in this 
case, to reduce greenhouse gas emissions as much as possible. 

This does not at all reflect the situation in the scientific community. A considerable 
number of climatologists are still by no means convinced that the fundamental questions 
have been adequately dealt with. Thus, in the last year a survey among climate 
researchers throughout the world found that a quarter of the respondents still harbor 
doubts about the human origin of the most recent climatic changes. 

The majority of researchers are indeed of the opinion that global climate change 
caused by human activity is occurring, that it will accelerate in the future, and that it will 
thus become more readily apparent. This change will be accompanied by warmer 
temperatures and a higher water level. In the more distant future, that is, in about 100 
years, a considerable increase of atmospheric greenhouse gases is foreseen, together with 
an increase in heavy precipitation in our latitudes; in some regions there could be more 
powerful storms, in others weaker ones. 

But again and again, there are scientists to whom, true to the alarmists’ maxim in 
Crichton’s book, this does not sound dramatic enough. Thus, more and more often they 
connect current extreme weather events with anthropogenic climate change. To be sure, 
this is usually carefully formulated; interviews sound something like this: “Is the flooding 
of the Elbe, the hurricane in Florida, this year’s mild winter evidence for the climate 
catastrophe?” Answer: “That’s scientifically unproven. But many people see it that way.” 
Neither of these statements is false. In combination, however, they suggest the 
conclusion: Of course these weather events are evidence. Only no one dares to say this 
explicitly either. 

The pattern is always the same: the significance of individual events is processed to 
suit the media and cleverly dramatized; when prognoses for the future are cited, among 
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all the possible seenarios it is regularly the one with the highest rates of inerease in 
greenhouse gas emissions - and thus with the most drastie elimatie eonsequenees - that is 
ehosen; equally plausible variations with signifieantly lower emission inereases go 
unmentioned. 

Whom does this serve? It is assumed that fear ean motivate listeners, but it is 
forgotten that it mobilizes them only in the short term. Climatie ehanges, however, 
demand long-term reaetions. The effeet on publie opinion in the short view may indeed 
be “better,” and thus may also have a positive effeet on reputation and researeh funding. 
But in order for this to funetion in the long run, eaeh most reeent elaim about the future 
of the elimate and of the planet must be ever more dramatie than the previous one. Onee 
apoealyptie heat waves have been predieted, the elimate-based extinetion of animal 
speeies no longer attraets attention. Time to move on to the reversal of the Gulf Stream. 
Thus there arises a spiral of exaggeration. Eaeh individual step may appear to be 
harmless; in total, however, the knowledge about elimate, elimate fluetuations, elimate 
ehange and elimatie effeets that is transferred to the publie beeomes dramatieally 
distorted. 

Sadly, the meehanisms for eorreetion within seienee itself have failed. Within the 
seienees, openly expressed doubts about the eurrent evidenee for elimatie eatastrophe are 
often seen as ineonvenient, beeause they damage the “good eause,” partieularly sinee 
they eould be “misused by skepties.” The ineremental dramatization eomes to be 
aeeepted, while any eorreetion of the exaggeration is regarded as dangerous, beeause it is 
politieally inopportune. Doubts are not made publie; rather, people are led to believe in a 
solid edifiee of knowledge that needs only to be eompleted at the outer edges. 

The result of this self-eensorship in seientists’ minds is a deaf ear for new and 
surprising ideas that eompete with or even eontradiet eonventional patterns of 
explanation; seienee degenerates into being a repair shop for popular, politieally 
opportune elaims to knowledge. Thus it not only beeomes sterile; it also loses its ability 
to advise the publie objeetively. 

One example of this is the diseussion of the so-ealled “hoekey stiek,” a temperature 
eurve that allegedly depiets the development over the last 1000 years, and whose shape 
resembles that of a hoekey stiek. In 2001 the Intergovernmental Panel on Climate 
Change, the eommittee of elimate researehers appointed by UNO, rashly institutionalized 
this eurve as the ieonie symbol for anthropogenie elimate ehange: At the end of a 
eenturies-long period of stable temperatures, the upward-bent blade of the hoekey stiek 
represents the human influenee. 

In Oetober 2004, we were able to demonstrate in the seientifie journal “Seienee” that 
the methodologieal bases that led to this hoekey-stiek eurve are mistaken. We wanted to 
reverse the spiral of exaggeration somewhat, without also relativizing the eentral message 
- that elimate ehange eaused by human aetivity does indeed exist. Prominent 
representatives of elimate researeh, however, did not respond by taking issue with the 
faets. Instead, they worried that the noble eause of proteeting the elimate might have been 
done harm. 

Other seientists lapse into a zeal reminiseent of nothing so mueh as the MeCarthy 
era. For them, methodologieal eritieism is the spawn of “eonservative think tanks and 
propagandists for the oil and eoal lobby,” whieh they believe they must expose; 
dramatizing elimate ehange, on the other hand, is defended as a sensible means of 
edueating soeiety. 

What is true for other seienees should also hold for elimate researeh: Dissent is the 
motor of further development, Differenees of opinion are not an unpleasant family affair. 
The eoneealment of dissent and uneertainty in favor of a politieally good eause takes its 
toll on eredibility, for the publie is more intelligent than is usually assumed. In the long 
term, these allegedly so helpful dramatizations aehieve the opposite of that whieh they 
wish to aehieve. 
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By doing so, however, both seienee and soeiety will have wasted an opportunity. 

Hans von Storeh, 55, heads the Coastal Researeh Institute of the GKSS Researeh Centre 
in Geesthaeht, Germany; he is eonsidered leading experts statistieal analysis of 
elimatologieal data and simulations. Together with Nieo Stehr, 62, soeiologist at the 
Zeppelin University in Friedriehshafen, Germany he has eondueted ongoing researeh into 
the publie pereeption of elimate ehange. 

Translated by Paul Malone 

First published in Der Spiegel No. 4, 2005. 


U.S. House of Representatives Committee on Energy and Commerce, July 19, 2006 

Hearing "Questions Surrounding the 'Hockey Stick' Temperature Studies: Implications for Climate Change Assessments" 


Comments by Hans v 
Storeh 



Director of Institute for Coastal Research, 
GKSS GKSS Research Center, Germany, 

and 

Professor at the Meteorological Institute, 
University of Hamburg, Germany 

Unlversitat Hamburg 
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Scientific aspects: 


♦ The regression-type methods of the so-called “hockey-stick” 
studies of Mann, Bradley and Hughes (MBH) suffer from a 
number of problems, which should have been addressed before 
the “hockey-stick” was elevated to an authoritative description of 
the temperature history of the past 1000-2000 years. 

• 

♦ The claim by the IPCC TAR that there is reliable evidence that 
climate is beginning to change due to human action was based on 
a number of different lines of argument, which are insensitive to 
the validity of the MBH studies. 


♦ The present debate about the validity of the hockey-stick is 
of marginal relevance for the detection of present 
anthropogenic climate change. The major problems are not of 
statistical nature but are related to the social practice of 
climate change science. 

Wegman-report 


♦ We have examined how serious the error of biased 
centering would be on the overall results, given a 
temperature history reminiscent to the IPCc 1990 version - 
the effect is very minor. 

♦ Other aspects may be more relevant, such as 

- the usage of the trend as key element for training the 
regression model, 

- the method of a-posteriori “scaling” so that the variances of 
the temperature and the derived temperature match during 
the training period. 

♦ We welcome the suggestion to invest much more efforts to 
examine the error structure in deriving temperature data 
from proxies - inhomogeneities in the proxies; 
instationarities in the link “proxy - temperature”. 
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Quality-control in the 
process of climate change 
science ; 

♦ Parts of climate change science, in particular paieo-climatic 
reconstructions have suffered from gate keeping and 
incestuous usage of reviewers. 

♦ Editors and science managers have failed to ensure 
reproducibility of key results. 

♦ Nature and Science have a bias towards “interesting results”. 

♦ In the IPCC process experts assess their own work. 

^ Climate change science has suffered from the limiting 
action of gate keepers and a public preference of 
“interesting results”. Climate change science shouid 
provide stakeholders with a broad range of options and 
not narrow this range to a reduced number of options 
preferred by certain worldviews. 

Acceptance of IPCC in the 
community, 1996, 2003 


i% J.a. To extent do ym ipae. m 

disagfoe dmt tiie IPCC fepoiti ane of 
peat to ttie of 


Twa aooT 



To uiiat adem do you apee or 
disagree diat toe IPCC r^>orts accurately 
teflect consensus of wiltiin 
tl^ sdenti& cofunuiiiity? 


TTOB ww 



Bray, pers. comm. 
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Cimate change science in the cultural 
context. 


♦ The concept of anthropogenic climate change is not new in 
western culture. 


♦ Climate change science is post-normal, i.e., it goes along with 
high uncertainties and high relevance. The boundaries between 
value-driven agendas and curiosity-driven science get blurred. 


♦ There is considerable influence of extra-scientific agendas 
on the scientific process of climate change studies. The 
process of climate change studies needs to be analysed and 
accompanied by social and policy scientists. 

Examples of stonewalling ... 


Wai it unwise to give Mannas 'hockey 
stick" so much promin^ce in the IPCC^s 
summary for policy-makers? 

No. It is no exaggeration and it doesn’t 
contradict the rest of the IPCC assessment. 
Of course you can always argue about 
detaOs. But we assess all tlie available 
literature, and w found tl^ hockey stide 
was consistent with that. 

IPCC chairmann Pachauri 
in "nature", 2005 


"We have 25 or so years 
invested in the work. Why 
should I make the data 
available to you, when your 
aim is to try and find 
something wrong with it." 
(Comment by a prominent 
member of the paleoclimatic 
community - 21. February 
2005) 
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Gatekeeping . . . 

This is a deeply flawed manuscript and it’s publication would 
damage the reputation of this promising new journal. The authors 
display a disregard for existing peer-reviewed literature that 
unambiguously refutes their main claims. Each of their primary 
claims is false or misleading, as detailed below in this review. 
Moreover, the focus the paper is now plainly inappropriate, 
focusing on nearly decade-old work, the details of which and the 
key conclusions of which have now been independently validated 
by numerous other studies. The manuscript is backwardlooking, 
invoking flawed criticisms of now very old work, while current 
studies have moved well beyond this spurious debate about 
statistical minutia, focusing instead on real scientific issues. 

http://www.cosis.net/copemicus/EGU/cpd/2/S 1 39/cpd-2-S 1 39.pdf 
Review of a article co-authored by Burger and Cubasch. 
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— Mann 1999 

— Briffa2000 

— McIntyre 2003 

— Esp©r2002 

— Moberg2005 

— Jones 1998 


Temporal development of AT,(m,L) = Ti(m) - T,.L(m) divided by the 
standard deviation a(m,L) of the considered reconstructed temp 
record 


for m=30 and L=100 years. 

The thresholds R = 2 , 2.5 and 3 are given as dashed lines. d ^ 

Rybskt et at., SRL, 2006 

Mr. Whitfield. Thank you, Dr. von Storch, and Mr. McIntyre, you 
are recognized for 5 minutes. 

Mr. McIntyre. Good afternoon, Mr. Chairman and members of the 
committee. My name is Steve McIntyre. I appreciate the invitation to 
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appear today to discuss my research coauthored with Ross McKitrick of 
the University of Guelph which in part led to today’s meeting. 

I have three main messages. First, little reliance can be placed not 
only the original Mann reconstruction, various efforts to salvage it, or 
similar multi-proxy studies even ones which did not use Mann’s 
methodology. Second, peer review as practiced by academic journals is 
not an audit but something much more limited. In turn, scientific 
overviews such as the ones produced by IPCC or even by the NAS panel 
are based almost entirely on literature review rather than independent 
testing. Third, there is already an existing data archive which is 
excellent, but in order to make it work scientists actually have to archive 
their data and code. This is not done consistently in the paleoclimate 
community and it makes replication virtually impossible in many cases. 
Much of this work is funded by the U.S. Federal government and some 
very simple administrative measures under existing policies could 
alleviate many of the problems. 

In the two reports, only one topic was specifically audited in the 
sense of independent testing as opposed to literature review, and that was 
simply whether Mann’s method was biased towards producing hockey 
stick-shaped series. Both reports verified this hotly contested result. 
Both panels agreed with varying emphasis that no confidence could be 
placed on reconstructions prior to 1600 and that Mann’s statistical 
methods were unsatisfactory. The Wegman report considered how such 
an error could have remained undetected. In addition to their comments, 
an important reason that the IPCC does not carry out independent tests. 

Some comments of Dr. Bloomfield’s at the NAS press conference 
may lead people to believe that a hockey stick could be obtained from a 
simple average of all MBH proxies. This is simply not the case as you 
see by the graph on both screens. The NAS panel illustrated several 
other reconstructions but their consideration was merely a literature 
review. They did not attempt to replicate or audit these other studies as I 
have tried to do. Each one has replication problems. One of the 
criticisms of the Mann study recognized by the NAS panel was its use of 
bristle cones and closely related foxtails, a flawed proxy which the panel 
said should be avoided. However, they did not assess this. The impact 
of not using bristle cones can be substantial. Removal of merely two 
bristle cone series changes relative medieval modem levels in the 
Crowley and Lowery reconstmction that was shown to you earlier. The 
panel noted the so-called divergence problem in which temperatures in 
the last half of the 20^^ Century increase while tree ring widths and 
densities decrease. They offered no solution other than reduced 
confidence, but the problem is worse. How can we even tmst the shape 
of the curve in previous warm periods if they miss the present one? Bias 
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sampling can arise not simply from Mann’s principal component 
methods, but by non-random and biased selection of small samples. In 
this graph shown here, even the selection of a single site, of a different 
version from a single site can have a dramatic impact on a worldwide 
reconstruction. Here different versions impact the Briffa 2000 
reconstruction and all but one subsequent reconstruction shown in the 
various spaghetti graphs. The issue of the polar Urals is substantive. 
Naurzbaev et ah, which included Mann’s coauthor Hughes, whose 
methods were cited by the NAS panel with a approval, concluded that 
medieval summer temperatures in this area were over 2.3 degrees 
Centigrade warmer than at present. 

The Wegman reported noted pervasive problems in paleoclimate 
research practices. A simple policy shown here already in existence at 
the American Economic Review and other journals and in fact a policy 
introduced by Dr. Bernanke, presently Chairman of the Federal Reserve 
System, would alleviate many of these problems. There is no reason for 
journals not to adopt similar rules for paleoclimatology where data sets 
are similar in size and scale to many econometric studies. In fact, the 
1991 policy statement of the U.S. global change research program 
already requires data archiving and many agencies such as NASA have 
complied with these policies. However, the National Science Foundation 
does not and a senior NSF official wrote to me saying that dissemination 
of data was merely up to the professional judgment of the researchers. 
Ironically, even the NAS panel relied heavily on unarchived data. The 
Department of Energy itself does not comply. It funded the development 
of the well-known CRU temperature series used by IPCC but their 
agreements failed to ensure that even DOE has access to the supporting 
data. 

Nothing that I say here should be construed as diminishing the 
seriousness of climate change as public issue. It is precisely because it is 
a serious issue that policymakers are entitled to the best possible 
information. You should not receive incorrect confidence assessments as 
happened with the hockey stick. You should discourage practices that 
interfere with efforts to verify results. 

Finally, at the NAS press conference, when asked about overselling 
of the hockey stick, panelist Cuffy said that the IPCC sent a very 
misleading message through its prominent use. Yet IPCC procedures 
which permitted this remain unchanged for the upcoming fourth 
assessment report. 

Thank you very much. 

[The prepared statement of Mr. Stephen McIntyre follows:] 
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Prepared Statement of Stephen McIntyre, Toronto, Ontario, Canada 

SUMMARY 

1 . little reliance can be placed on the original MBH reconstruction, various efforts 
to salvage it or similar multiproxy studies, even ones which do not use Mann’s 
principal components methodology; 

2 . peer review as practiced by academic journals is not an audit, but something 
much more limited. Scientific overviews, such as ones produced by IPCC or 
the NAS panel, are nearly entirely based on literature review rather than 
independent due diligence. 

3. much work in dispute is funded by the U.S. federal government. Some very 
simple administrative measures under existing policies could alleviate many of 
the replication problems that plague paleoclimate. 

TESTIMONY 

Good morning, Mr Chairman and members of the Committee. 

My name is Stephen McIntyre. I appreciate the invitation to appear today to discuss 
my research, coauthored with Ross McKitrick of the University of Guelph. Our 
publications led in part to the reports of the NAS panel and the Wegman committee. 

A year ago, the University Corporation of Atmospheric Research (UCAR) issued a 
national news release stating that our “highly publicized criticisms of the MBH graph are 
unfounded.” Sir John Houghton, co-chair of IPCC, gave evidence to a Senate committee, 
stating that our results had been shown to be “largely false”. The situation today is 
different as both the NAS and Wegman reports have recognized our major findings while 
drawing different conclusions on their impact. 

I would like to convey three main messages today: 

1 . little reliance can be placed on the original MBH reconstruction, various efforts 
to salvage it or similar multiproxy studies, even ones which do not use Mann’s 
principal components methodology; 

2. peer review as practiced by academic journals is not an audit, but something 
much more limited. Scientific overviews, such as ones produced by IPCC or 
the NAS panel, are nearly entirely based on literature review rather than 
independent due diligence. 

3. much work in dispute is funded by the U.S. federal government. Some very 
simple administrative measures under existing policies could alleviate many of 
the replication problems that plague paleoclimate. 

In the NAS and Wegman reports, only one topic has been specifically “audited” - in 
the sense of carrying out independent simulations as opposed to review of previous 
literature: 

• Mann’s principal component method is biased towards producing hockey stick 
shaped series. 

Both audits verified this result, first published by us, but hotly contested for the past 
two years. Both panels agreed (with varying emphasis) that MBH confidence claims were 
incorrectly calculated, indeed that no confidence intervals prior to 1600 could be 
calculated and that MBH statistical methods were unsatisfactory. 

The Wegman report considered why such an error could have remained undetected 
in such a prominent study, an issue not considered by the NAS panel. In addition to their 
comments, I note that IPCC does not verify information from the scientific literature. 

The NAS panel also endorsed our important criticism of MBH dependence on 
proxies known not to be temperature proxies, agreeing that bristlecones should be 
avoided. 
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The NAS panel eited several other reeonstruetions, but their eonsideration was 
merely a literature review. They did not attempt to replieate or audit these other studies 
and eannot voueh for them. Having examined most of them elosely, I do not believe that 
any of them provide robust or reliable information on relative medieval-modem levels. 

For example, some eomments of Dr Bloomfield’s at the NAS press eonferenee may 
lead people to believe that a hoekey stiek eould be obtained from a simple average of all 
415 MBH proxies. This is not the ease, as shown in Figure 1 below. 
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Figure 1. Top - Average of all 415 MBH proxies; bottom - MBH reeonstmetion. 

The NAS panel illustrated four other multiproxy studies, as shown in Figure 2 
below. However, all four use bristleeones or elosely-related foxtails. The panel did not 
analyse the impaet on eaeh study of avoiding bristleeones, as they elsewhere 
reeommended. 
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Figure 2. Exeerpt from figure S-1 of NAS panel report 
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The impaet of avoiding bristleeones in aeeordanee with the NAS reeommendation 
ean be substantial - as shown in Figure 3 for Crowley and Lowery 2000, where the 
removal of two bristleeone series ehanges relative medieval-modem levels. 
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Figure 3. Left - Exeerpt from Crowley (2000); right - replieation with red showing effeet 
without bristleeones and without instrumental splieing. 


The NAS panel noted the so-ealled “Divergenee Problem”, in whieh temperatures in 
the last half of the 20^^ eentury inerease, while tree ring widths and densities deerease, 
demonstrated here for a rare large-sample (387) study of “temperature- sensitive” sites 
[Briffa et al 1998]. NAS offered no solution other than redueed eonfidenee. But the 
problem is worse: how ean we even trust the shape of the eurve in previous warm 
intervals, if they miss the present one? 



Biased sampling ean arise not simply from Mann’s prineipal eomponent methods, 
but from non-random and biased seleetion of small samples. If you “mine” or “snoop” a 
network of red noise looking for what appear to be “temperature-sensitive” trends, an 
average of the pieks will also yield a hoekey stiek shaped series. The Wegman report 
shows evidenee of non-random pieking. While the NAS panel noted the potential impaet 
of inelusion/exelusion of even individual series, they did not investigate it. Here is an 
important example that affeets multiple studies. The first Briffa version of the Polar Urals 
series said that the early 11^^ eentury was among the eoldest of the millennium; updated 
sampling in 1998 showed the opposite, but Briffa did not report it. Instead he substituted 
another series from a site 70 miles away with a hoekey stiek shape. This substitution had 
a dramatie impaet on the medieval-modem relationship in the Briffa (2000) 
reeonstmetion and nearly all other subsequent studies. 
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Figure 5. Left - three different versions of Polar Urals series. Top - from Briffa et al 
1995; middle - from Esper et al 2002 (the only use of this version); bottom - the version 
in Briffa (2000) and subsequent studies other than Esper et al 2002. Right: the impaet on 
the reeonstruetion in Briffa (2000). Blaek - Briffa (2000) version; red - using Polar Urals 
update. . All series in standard deviation units and 21 -year gaussian smooth. 


In our NAS presentation, we eited Naurzbaev et al 2004 (ineluding MBH eo-author 
Hughes) as offering a promising new line of handling tree ring data. NAS eited this with 
approval, but did not report their eonelusion that medieval summer temperatures were 
over 2.3 deg C warmer or that medieval treelines in the Polar Urals (and elsewhere) were 
higher than modem treelines. 
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Figure 6. Treelines at Polar Urals site (Shiyatov 1995). 


While the NAS panel did not address the issue of arehiving, other than in 
generalities, the Wegman report noted pervasive problems in paleoelimate researeh 
praetiees. A simple poliey - already in existenee at the Ameriean Eeonomie Review and 
other journals - would alleviate many of these problems. There is no reason not to 
require similar mles for paleoelimatology, where data sets and eode are similar in size 
and seale. 

Submitters should be aware that the Editors now routinely require, as a eondition of 
publieation, that authors of papers ineluding empirieal results (ineluding 
simulations) provide to this offiee, in eleetronie form, data and eode suffieient to 
permit replieation. 
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To the extent that senior poliey-makers have previously turned their attention to the 
matter, the 1991 Poliey Statement of the U.S Global Change Researeh Program already 
requires data arehiving after a limited period of exelusive use and, in 1997, provided 
reeommended language for ageneies to implement in grant agreements. Many ageneies 
(e.g. NASA) have eomplied with these polieies. 

The overall purpose of these poliey statements is to faeilitate full and open aeeess to 
quality data for global ehange researeh. They ...represent the U.S. Government’s 
position on the aeeess to global ehange researeh data. ... 

For those programs in which selected principal investigators have initial 
periods of exclusive data use, data should be made openly available as soon as 
they become widely useful. In each case the funding agency should explicitly 
define the duration of any exclusive use period. 

Yet when I eopied NSF on a request for data neeessary to replieate key MBH 
results, a program offieer not only refused to support the request, but intervened to 
eounsel Mann against supplying the data. 

Dr. Mann and his other US eolleagues are under no obligation to provide you with 
any additional data . . . His researeh is published in the peer-reviewed literature 
whieh has passed muster with the editors of those journals and other seientists who 
have reviewed his manuseripts. You are free to your analysis of elimate data and he 
is free to his. 

Subsequently, a senior NSF offieial said that dissemination of data was merely up 
to the “professional judgement” of the researehers. Ironieally, the NAS panel relied 
heavily on unarehived data. 

In general, we allow researehers the freedom to eonvey their seientifie results in a 
manner eonsistent with their professional judgement. . . 

The Department of Energy funded the development of the well-known CRU 
instrumental temperature series, used by IPCC and others. In response to a request for 
supporting data, Philip Jones, a prominent researeher said: 

We have 25 or so years invested in the work. Why should I make the data available 
to you, when your aim is to try and find something wrong with it? 

Although DOE had funded the eolleetion, their past and present grant agreements 
had not ensured that even DOE had aeeess to the supporting data and they said that they 
were unable to assist. 

Phil [is] not obligated under the eonditions of past or present DOE proposal awards 
to provide these items to CDIAC. I regret we eannot furnish the materials you seek 

In eonelusion, I re-iterate that you ean plaee little relianee on any existing 
multiproxy study; that you need to distinguish between the limited due diligenee of 
journal peer review and the substantive due diligenee of an audit; and that simple 
administrative measures ean substantially improve paleoelimate researeh praetiees. 

Both the NAS report and Wegman reports are valuable studies by aeeomplished 
authors. Nothing that I say here should be eonstrued as diminishing the seriousness of 
elimate ehange as a publie issue. It is preeisely beeause it is a serious issue that poliey- 
makers are entitled to the best possible information and should ensure that data, eode and 
methods be aeeurately and eompletely arehived and diseourage praetiees that interfere 
with seientifie reprodueibility. 

References: 

See NAS Panel report. 
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Presentation to the 
Subcommittee on Oversight and 
Investigations of the 
House Energy and Commerce 
Committee. 

Stephen McIntyre 

Toronto Ontario 
Washington DC, July 19, 2006. 


• • • Overview: 


1. little reliance can be placed on the original MBH 
reconstruction, various efforts to salvage it or on 
other similar studies, even ones which do not use 
Mann’s principal components methodology: 

2. peer review as practiced by academic journals is 
not an audit, but something much more limited. 
Literature review is not independent due diligence. 

3 . much of the work in dispute is funded by the U.S. 
federal government. Some very simple 
administrative measures could accomplish much 
improvement regardless of one’s view on climate 
policy. 
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Both Panels Agreed ... 

o MBH principal components method was biased 
toward producing hockey-stick shaped series 

o MBH claims to statistical significance were 
over-stated 

o MBH ciaims to establish confidence intervals 
prior to 1600 should be rejected 

The NAS panel also agreed: 

o MBH use of bristlecones should be avoided 
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A simple average of MBH proxies does 
not yieid a hockey stick 
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Top: average of MBH proxies. Bottom: result of MBH method. 
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NAS cited but did not audit 
other multiproxy studies 



0.6 

0.4 

0.2 

0.0 

- 0.2 

- 0.4 

-0.6 

- 0.8 

•1.0 

- 1.2 


o all 4 rely on bristlecones; 2 of 4 even rely on Mann’s 
PC method 
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Avoiding bristlecones impacts medieval- 
modern levels in other studies 




Left: Figure 4 of Crowley (2000) comparing that reconstruction to MBH. 
Instrumental data has been spliced since 1870. 

Right in red - Without bristlecones, horizontal line showing closing level 
with at jeast 5 proxies. No instrumental data is spliced. 
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Divergence problem: 

Proxies trend down while 
temperatures trend up 



Source: Average of 387 temperature-sensitive sites (Briffa 
etal 1998) 
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Polar Urals versions are inconsistent; 
selection impacts “worldwide” 
reconstruction 




Left: Three versions of Polar Urals data used in multiproxy studies. Top 
and bottom series used in all but one study. 

Right - red shows impact of using Polar Urals update in Briffa (2000) 
reconstruction 
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Medieval treelines were higher than at 
• • • present in Siberia. Naurzbaev et al 2004 
estimated that medieval summer 
temperature were warmer by more than 
2.3 deg C. 



Pig. 1. Attitudinai displacement of the upper treeline in the Mar Ural Mountains during the 
last 1150 years. 



Archiving policy at American 
Economic Review 


Submitters should be aware that the Editors 
now routinely require, as a condition of 
publication, that authors of papers including 
empirical results (including simulations) 
provide to this office, in electronic form, data 
and code sufficient to permit replication. 
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1991 US Global Research Change 
Program Policy Statement 


The overall purpose of these policy statements is to facilitate 
full and open access to quality data for global change 
research. They ...represent the U.S. Government’s position 
on the access to global change research data. 


For those programs in which seiected principai 
investigators have initiai periods of exciusive data use, 
data shouid be made openiy avaiiabie as soon as they 
become wideiy usefui. in each case the funding agency 
shouid expiicitiy define the duration of any exciusive 
use period. 
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NSF leaves compliance up to the 
researcher and the journals 

Program Officer: 

Dr. Mann and his other US colleagues are under no 
obligation to provide you with any additional data ... His 
research is published in the peer-reviewed literature which 
has passed muster with the editors of those journals and 
other scientists who have reviewed his manuscripts. You 
are free to your analysis of climate data and he is free to his. 

Senior Official: 

In general, we allow researchers the freedom to convey 
their scientific resuits in a manner consistent with their 
professionai judgement... 
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DOE funds collection of the most 
• • • widely-used temperature data but fails 
to ensure access to it 

Jones: 

We have 25 or so years invested in the work. Why should I 
make the data available to you, when your aim is to try and 
find something wrong with it. 

DOE: 

Phil [is] not obligated under the eonditions of past or present DOE 
proposal awards to provide these items to CDIAC. I regret we 
eannot furnish the materials you seek 
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• • • End of Presentation 


% 

Sir John Houghton at press conference releasing IPCC Third 
Assessment Report. 



14 




248 


Robustness 


o Burger and Cubasch (2005) 





time [y] 


15 


Mr. Whitfield. Thank you, Mr. McIntyre, and at this time I am 
going to recognize the full committee Chairman, Mr. Barton, for 10 
minutes. 

Chairman Barton. Thank you. I want— let me thank Ms. Baldwin 
before she leaves. She and Mr. Inslee and Mr. Stupak have been here the 
entire time and I think they need to be given accolades. Mr. Whitfield 
and I almost have to be here but they don’t, so we appreciate you all’s 
attendance. I want to thank these witnesses for waiting 5 hours to testify. 
That shows a little bit of fortitude on your part. 

My first question goes to you. Dr. Karl. Talking about the peer 
review and the acceptance, if I were to ask Mr. Inslee and Mr. Stupak 
and Ms. Baldwin to review the work of this committee in this Congress 
and then turn around and ask Mr. Whitfield and Mr. Walden and Mr. 
Shimkus, I would probably get two radically different assessments. 
Same body of work but my friends on the Democrat side would view the 
accomplishments in all probability substantially different than my 
colleagues on the Republican side because both are biased in an open and 
honest way and have a different worldview on some issues, not on all 
issues. So it shouldn’t be surprising if the same people that Dr. Wegman 
calls a social network and are interacting all the time that they view 
positively the output, should it? 
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Dr. Karl. Are you asking about whether or not the review process 
is skewed? 

Chairman Barton. No, I am just asking you to comment because 
I will stipulate that everybody in the climatology community, the 
environmental community, have got good faith and are trying to do what 
they think is right for the world. I am not— but there are biases on both 
sides, and one of Dr. Wegman’s criticisms, and Dr. McIntyre reinforces 
it, is that you are not really getting independent review, and there are 
cases, as Dr. Crowley pointed out, there may not be anybody that can be 
independent because they don’t understand it. If I want somebody to 
interview Albert Einstein’s work in the 1930s, there probably weren’t 
two or three people in the world that even knew what he was talking 
about, so you do get that, but what happened with Dr. Mann’s study in 
1998 was that it was accepted very quickly as kind of the gold standard 
and it was given a literary review, but it really wasn’t given an 
independent scientific statistical review. It was just accepted. And 
unless Dr. McIntyre is not being true, some of these other studies that 
have come out that Dr. Crowley referred to, he used the same data sets 
and the same modeling or something that is very close to it. So how can 
us poor mortals that have to make the policy decisions know what to 
believe when the so-called scientific community could be portrayed as 
scratching each other’s back? I mean, I am not trying to be mean about 
it. You know, I just am kind of puzzled. 

Dr. Karl. I mean, I can tell you the process that we use in IPCC. It 
may shed some light on it. In the IPCC report, each of the lead authors 
are asked to assess the published literature up until a certain time after 
which no more new material can be considered and what lead authors do 
is take a look at that material and try to write up their consistencies 
among what has been published, inconsistencies, what is available today 
compared to what was available during either the previous IPCC report 
or previous to that. Having done that, those writings then are subjected 
to international review. Anyone and everybody is open to review to 
report and the process takes place over several years. So there is ample 
time, ample review time— 

Chairman Barton. But do they really review it? Again, I am not 
saying that your folks don’t make a good-faith effort, but it is just like 
my analogy. If I asked Mr. Whitfield, who is a subcommittee Chairman 
because I appointed him subcommittee Chairman as Chairman, if I say 
Ed, could you review my performance as chairman of the full committee, 
I bet he is going to give me a pretty high performance rating. Now, on 
the other hand, if I asked Mr. Inslee to review my performance as full 
committee Chairman, and I have consistently opposed his amendments 
and I have consistently made life difficult for him, which is not true but 
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let us assume that it is true, he is not going to rate me the same. In all 
probability, Jay Inslee is going to be more independent and objective 
than Ed Whitfield, and they are both good people. But one of them is 
more dependent on me, interacts more, benefits more with that 
interaction than the other and it appears to me that what Dr. Wegman and 
Mr. McIntyre are saying is, it may be because there are just not enough 
experts, it may be for any number of reasons, but a very small set of 
people review each other’s work and lo and behold, they all come to the 
same conclusions. 

Now, we didn’t put it into the record, but in 1975 we have the 
Newsweek story about the meteorologists all being unanimously in 
agreement that the world is in a world-cooling period and it has 
catastrophic consequences and there was unanimous agreement. It was 
la di la di da. Those were meteorologists. Now, that is 31 years ago. 
The world has changed. We are now worried about global warming but 
it the same thing. You know, I am not qualified to say whether the 
conclusions are right or wrong. I agree with what Dr. Wegman said and 
Dr. North said, that— I can’t conclusively say what is causing it. I can 
admit that the statistical record in the last 150 years that the temperature 
is going up, but I would like to see the scientific community self-regulate 
itself a little bit better so that when you have these statements like Dr. 
Mann made that the 1990s were the warmest period in 1,000 years and 
1998 is the warmest year in 1,000 years, that you can replicate that with 
statistically valid modeling technique that is open to the public and 
everybody takes their shot at. I think we have pretty conclusively proven 
today that that is not the case, at least in that study. That is not the case. 
So that is my question to you, what can the scientific community do to 
give us more certainty or more reliability that the conclusions of these 
studies are really based on fact and not on opinion. 

Dr. Karl. I suspect, and I don’t know for sure, but if you request 
the records from the IPCC Bureau, for example, you could— because it is 
public— you could get available the disciplines of the individuals who 
commented on that report and I note there is an IPCC report going on 
now, and that may be a way for this committee to try and see the breadth 
and scope of— 

Chairman Barton. Well, are you willing to recommend that— one 
of the recommendations of Dr. Wegman is that the data be publicly 
available? Is that something that you would support? Because we have 
apparently had a real problem with Dr. Mann, getting his data and, it has 
been federally funded. I think it should be available, that anybody who 
has the scientific ability and the mathematical ability to study it, study it. 
Do you agree with that? 
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Dr. Karl. Yes. Our Center actually houses the Paleoclimate World 
Data Center and we actually encourage researchers to archive their data, 
not the actual proxy itself like the tree ring or the ice core but the data 
from which they are derived. We are fairly successful in many instances, 
but I am sure there is a number of instances where we don’t have data 
simply because of its significant investment on both the Pi’s time and— 
Chairman Barton. And either Dr. North— I think Dr. North’s 
report, or it may have been Dr. Wegman’s, says there are only 30 of 
these data sets in existence right now, that there are a fairly limited 
number of data sets. So we are basing a lot of decisions on a fairly 
narrow band. 

Let me ask you something, Mr. McIntyre. Since you had the 
gumption to criticize Dr. Mann, how have you been received in this 
community. Are people patting you on the back and inviting you to their 
Christmas party and saying right on, way to go, we really appreciate it, or 
are they kind of giving you the cold shoulder and ask why the hell you 
did what you did? 

Mr. McIntyre. I would say cold shoulder would be overstating the 
friendliness of it. I would say that I have been reviled and— 

Chairman Barton. And so your skepticism for scientific truth has 
not been welcomed with open warms. Is that a fair statement? 

Mr. McIntyre. I would say it has been an uphill fight. Having said 
that one finds certain allies and certain moments of comfort. I mean, 
quite frankly I could understand why there would be some reluctance to 
take the claims seriously at the beginning. That is one of the reasons 
why I archived the source code and calculations so that people could 
replicate it. Aside from the fact that I think it is something that should be 
done anyway, but my position was if anybody thinks that my results are 
wrong, then I would like to know. I would like to be the first person to 
know rather than the last person to know, and— but I— for example, the 
University Corporation of Atmospheric Research put out a national press 
release saying that all our claims are unfounded. Sir John Houghton, co- 
chair of IPCC, testified to a Senate committee that our claims were false. 
So while I would say not all of our claims have been acknowledged, 
some of them have. Both of these reports have certainly endorsed a 
finding on methodology that surprised people and so, I feel a little more 
comfortable now. Also, some people have been very generous and 
welcoming. Dr. von Storch has encouraged me both publicly and 
privately. 

Chairman Barton. Dr. Crowley, this might be my last question. 
You mentioned in your oral statement— I didn’t see it in your written 
statement but it may have been there— that there have been problems in 
the past with correlation of current temperature readings and their 
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consequences with satellite readings and that those correlations are much 
better today. Is that true? Did I— 

Dr. Crowley. Yes, that is true. 

Chairman Barton. Now, my understanding is that what changed 
is that we have gone back and reprogrammed the software on the 
satellites so that they will conform with the model predictions. Do you 
agree or disagree with that? 

Dr. Crowley. I completely disagree with that. 

Chairman Barton. Can you push your— I don’t know that your 
microphone is on. You said— I think you said— 

Dr. Crowley. I disagree with you. It is not the case of trying to get 
it to conform to model predictions. In fact, it stuck out like sore thumb 
for 10 years. The climate community took it very seriously as a 
disagreement and pondered over it and there was eventually a 
comparison between two different groups of satellite analysts in which 
they found a programming error in one of the algorithms for reducing the 
data that gave the differences in the trends because this other group 
actually had gotten a bigger trend in the satellite data than the one that 
John Christy at University— 

Chairman Barton. Do you think that that disagreement is worthy 
of being pursued by this subcommittee? 

Dr. Crowley. Well, what has happened is that the disagreement 
has diminished to the point where I am not sure it is worth the 
subcommittee’s effort to inquire. It has been found to be a programming 
error, and an innocent one but that happens when you are working with 
satellite or any other thing. It just took a long time— 

Chairman Barton. Do you consider Dr. Mann’s methodology a 
programming error? If you were Dr. Mann and— 

Dr. Crowley. No, because I don’t think he actually wrote— I don’t 
think his programs— when it is a programming error, it is like a coding 
error or something. I think that there is a methodological error, okay. 
There is a difference between, as you know, since you took 
programming, between the— you can program a methodology that could 
be wrong, okay. So I don’t think it was programming. I think it was a 
methodological error. 

Chairman Barton. Well, my time- 

Dr. Crowley. Not a— yeah, a methodological. 

Chairman Barton. Thank you, Mr. Chairman. 

Mr. Whitfield. Mr. Inslee, you are recognized for 10 minutes. 

Mr. Inslee. Thank you. I wanted to ask Mr. Karl about the 
conclusions, if I can find them here. In your testimony you talked about 
reviewing a variety of papers and you said of all the analysis, only one 
shows temperatures during medieval times higher than those of the early 
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20^^ Century and none of the analyses show temperatures higher than the 
last few decades of the 20^^ Century and into the 2V^ Century. So I take 
it that means that none of the analyses that have been done have shown 
temperatures at any point higher than the last few decades and into this 
century. Is that an exhaustive review of the analyses or is there 
something you might have missed or is that pretty much a total review of 
the literature on this? 

Dr. Karl. There is always a danger one could have missed a report 
but none of the reports I looked at, which probably seven or eight reports 
using the approaches from as been discussed here. I think “bonehead” is 
a term and RPG and various terms have been given to these things, but I 
don’t think any of them show temperatures, except for one, that were as 
warm as what we saw in the mid part of the 20* Century, none of them 
as warm as the late part of the 20* Century and the early part of the 21st 
century, and in addition, I might add the error bars are frequently being 
discussed. If you look at the error bars, the wide error bars, the 95 
percent confidence error bars, it is even hard to find in those error bars in 
those reports to come up to the levels as high as we see in the last couple 
decades. 

Mr. Inslee. So is it a fair synopsis here that today we have heard 
some criticism of one report that suggested that these are higher 
temperatures we are experiencing now than we have at any time in the 
last 1,000 years and multiple reports that have reached the conclusion 
that it is likely we are having higher temperatures right now than we did 
at any time in the last 1,000 years. Is that sort of a fair statement of what 
we are hearing? 

Dr. Karl. I think so, and again, the word “likely” you know, I point 
out, we use the word “likely” with better than two to one odds and so 
with that kind of a caveat, I feel quite comfortable in saying that. 

Mr. Inslee. Well, the way I look at this, just so you know, is that 
you have got about six studies showing that gravity exists and you have 
got one study questioning the statistical mechanisms used in one of those 
six studies, and I sort of conclude that both gravity and global warming 
due to human activity exist, and that is just how I look at it. I want to 
refer— you also concluded, “These analyses indicated that the later half of 
the 20* Century is certainly warmer than any time during the past several 
hundred years, parentheses, based on the length of the borehole and 
glacial length proxies, paren, and the past 1,200 years based on isotopic 
ice core records.” So you indicated that these are warmer during the past 
several years and you say based on the length of the borehole and glacial 
length proxies. What are those two proxies? 

Dr. Karl. Those are proxies that are completely independent of the 
tree ring analysis which is heavily used in some of these multi-proxy 
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reconstructions. But the borehole measurements are— there is probably 
about— I think the academy actually gave a number of about 679 different 
boreholes where the conduction of heat from the atmosphere is 
constantly conducting into the Earth’s surface and you can go back in 
time to try and deduce what the actual temperatures were in the lower 
parts of the atmosphere. Now, you have to be careful which boreholes 
you look at but nonetheless, with current methods, you can go back to 
about 400 or more years. That was an important piece of evidence that 
when we did the IPCC in 2001 we intercompared those borehole 
measurements with the Mann record, for example. 

Mr. Inslee. So as I take it then, we have got totally independent 
results independent from the Mann analysis that is consistent with the 
conclusion that it is likely that we are in warmer temperatures now than 
we have been in the last several hundred years. Now, you made 
reference to glacial length proxies. What are those? 

Dr. Kare. Now, the glacial length proxies, this is where a model 
was used to try and look at the ablation of glaciers across primarily the 
Northern Hemisphere and a model has been shown to be able to 
reproduce approximately the temperatures that would be needed to cause 
those glaciers to melt. Again, you have to be careful about what glaciers 
you select. Some of them are more sensitive to precipitation but 
nonetheless another independent method, and again, it shows that the 
later part of the 20^^ Century is warmer than anything we have seen in the 
last several hundred years. 

Mr. Inseee. Now, you also reported that these analyses indicated 
that these temperatures we are now experiencing are warmer than in the 
past 1,200 years based on isotopic core records. Are the isotopic core 
records independent of the Mann research and could you describe what 
they are? 

Dr. Kare. Yes. They are independent as well. The difference is, 
they are far fewer in terms of geographic coverage. So what you are 
actually looking at here is the isotopic decay within these records, the 
same kind of records that are looked at for the air bubbles that are 
trapped in the ice. Now you try to relate through isotopic decay to 
temperatures and there are some relationships that have been developed 
and again you see some significant warming in the latter part of the 20^^ 
Century compared to what we saw earlier. 

Mr. Inseee. So we have multiple independent scientifically sound 
measures to conclude these are the likeliest warmest temperatures we 
have had in 1,000 years independent of the Mann report. Is that correct? 

Dr. Kare. That is correct. 

Mr. Inseee. Dr. Crowley, you talked about something that I had 
heard and I appreciate you talking about it, about amplitude, about the 
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effect of how much amplitude there is in the system, how sensitive the 
system it is to CO2 forcing, and I think this is interesting because 
basically the Wall Street Journal editorial staff has done everything they 
can to suggest this is not a problem and they have attacked the Mann 
research effectively saying that, but is it fair to say that actually if one 
would want to debunk the idea of global warming, if one would want to 
say we shouldn’t worry about global warming, if one would want to say 
that we should really just continue on our path of putting megatons of 
CO2 in the air without change, if one really wanted to argue that, one 
would really want to argue that Mann was right because Mann had a 
conclusion that there was less effect on temperature by CO2 changes than 
some of the other studies. Is that right? 

Dr. Crowley. That is true. Another way of putting it is that those 
who love to hate Mann should learn to hate to love him. 

Mr. Inslee. Well, that will take us about 8 minutes to figure out up 
here on this panel. But could you explain why that is? I just heard this 
yesterday for the first time. It is an intriguing thought, that this could be 
a reversal of approaches here, but why is it important to know how much 
CO2 can affect temperature and what does the Mann research indicate 
versus other research? 

Dr. Croweey. Well, it is like pushing on a string. Jerry North 
explained this to me years ago. Suppose you have two strings, one that is 
very thick, coiled spring, and then another one that is very thin and weak. 
You push on the thick coiled spring, it is not going to move very much 
whereas one that is very flexible is going to move a lot, and that is really 
like pushing is like the climate forcing the responses to climate system, 
so if you have a system that has a very low sensitivity, it is not going to 
respond much, like the thickly coiled spring. You have one that is less 
thickly coiled, it is going to respond more and you are going to get 
bigger temperature changes and that is the thing we worry about, is 
whether the temperature change is being large, and the study came out 
recently in Nature where we tried to quantify that and that at least with 
respect to the paleoclimate records and showed objectively what I was 
saying— 

Mr. Inseee. So if Mann was wrong, this problem that we are going 
to be at in 2100 when CO 2 levels are twice the rate of pre-industrial 
times— 

Dr. Croweey. We are going to have larger temperature variability. 

Mr. Inseee. So if Mann is wrong, that means we are going to have 
greater increases in temperature once this CO 2 levels skyrocket like this 
and even some of the other researchers have predicted. Is that the 
situation? 

Dr. Croweey. Right. 
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Mr. Inslee. That will news to the Wall Street Journal editorial 
board. 

Dr. Crowley. Sure. 

Mr. Inslee. Thank you. 

Mr. Whitfield. Thank you, Mr. Inslee. Dr. von Storch, in your 
presentation you made the comment that parts of climate change science, 
in particular paleoclimatic reconstructions have suffered from 
gatekeeping and incestuous usage of reviewers and then you talked about 
they have a bias toward interesting results, and we have a lot of 
testimony today about the Wall Street Journal and the oil industry and 
the coal industry love to debunk all of this science about global warming, 
which may be true, but I was interestingly reading an article the other 
day about a gentleman named Chris Landsea, who was on the IPCC 
panel and was an expert in hurricanes. And we heard testimony today in 
some of the opening statements that global warming is causing more 
hurricanes, stronger hurricanes and it is a serious problem. Henry 
Waxman is the one that made that comment and there was another 
person that made that comment. And Chris Landsea was asked by a 
gentleman named Dr. Kevin Trenberth to provide the write-up for the 
AR4 assessment, the fourth assessment report of the IPCC. He was 
asked to do the write-up for the Atlantic Hurricanes, and soon after he 
was asked. Dr. Trinberth went to Harvard University and participated in 
a program entitled on the topic: “experts to warn global warming likely 
to continue spurring more outbreaks and intense hurricane activity.” 
And there was big press about it and there were all sorts of articles 
written about it. And Landsea was so upset about this as they were just 
getting ready to do this assessment that he submitted his resignation. 
And he said, “It is beyond me why my colleagues would utilize the 
media to push an unsupported agenda that recenty hurricane activity has 
been due to global warming. Given Dr. Trenberth’s role as the IPCC’s 
lead author responsible for preparing the text on hurricanes, his public 
statements are so far outside of any scientific understanding led me to 
concern that it would be very difficult for the IPCC process to proceed 
objectively with regards to the assessment on hurricane activity.” Now, 
we are all human beings, we make a lot of mistakes. We are biased. We 
do this, we do that. But is that something that happens in the IPCC 
frequently or infrequently or do you have any comment about it? 

Dr. von Storch. Only through the media, and I had the impression 
that this was not very helpful, what has happened there, but I don’t know 
the details, and this would be an example where I would ask some social 
scientists to really go after this, what really has happened here. I think it 
would be worth doing it. But when we speak about this storm business, I 
would like to tell a little story, namely in the early 1990s we had the 
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press in northern Europe full of messages that we would have more 
storms, and these storms would be proof or would be a result of global 
warming going on. And you have to know that when people think about 
climate change, anthropogenic climate change in the past, it always is 
associated with more storms. So if you read about the cooling in the 
1970s, what the response would be, it was cooler and more stormy, so it 
seems that it is part of our cultural heritage that whenever we think we 
change climate to the worse, then we have more storms. Later on it 
turned out that we actually have less storms now in northern Europe. 
And if we believe our climate change models, and I do believe them and 
I am sincerely convinced that we see global warming happening. If we 
believe these models then we should have an intensification of storms in 
our part of the world with stronger wind speeds of the order of 10 percent 
of the end of the century, that would be a signal which cannot be 
detected. While if you go into the details, then you find out that several 
aspects are rather similar to the ongoing hurricane debate, namely that 
good data exists only for a short time. Satellites are flying only since the 
1970s or so, and observing this, and you have decades with strong 
activity and decades with less strong activity. It is the same with the 
storms in our part of the world. And so I would say in this case one 
should be very careful in making definite conclusions about that. And if 
we believe our models, and I am not sure if we should believe in this 
respect our models, then we also should have a signal which is much 
weaker now, hardly detectable at this time. So in this case with the 
hurricanes, I would advise to wait a little bit before definite conclusions 
are drawn. And this would be an example that somehow this 
preconception that storms are getting worse when climate is changing is 
somehow controlling what we think. 

Mr. Whitfield. Mr. McIntyre, I know that you and Mr. McKitrick 
were the ones that first started looking at the Mann study or report. How 
did that come about? Was this just an area of interest that you have had, 
or what? 

Mr. McIntyre. Well, that is actually a fairly long story but I was 
just— at that time I was just a private citizen. The study was being— we 
were told in Canada that 1998 was the warmest year of the millennium. I 
have worked in the mineral exploration business for many years. I deal 
with geologists who were unimpressed by that statement and I just 
wondered one day how they knew that. When I looked at the IPCC 
report as somebody that is in the mineral exploration business, which is a 
very promotional business, I was struck at how promotional many of the 
statements were and particular how promotional the hockey stick graph 
was. I thought actually sort of in a professional way, I thought it was 
well designed, well presented. It was there to convey a message but I 
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certainly felt like I was being sold when I saw that. Some months later, 
business was slow. I thought I would be interested in looking at the data. 
I assumed there was some kind of due diligence package like you would 
see in a business thing that they had prepared for the IPCC auditors. At 
that time I had no idea that such things didn’t typically exist in the 
academic community so I e-mailed Dr. Mann out of the blue and asked 
him where the data was and just for the location of the data of this which 
I assumed to be part of the due diligence package and he said he had 
forgotten where the data was. So I was astonished as there had been so 
much publicity. He said he would have an associate locate it for me. 
The associate said that it wasn’t in any one place, but he would get it 
together for me so I thought that was nice of him but just, it seemed an 
odd situation and I just thought well, nobody has ever looked at this and 
if nobody has ever looked at it, well, I will do it, so I didn’t expect to be 
the center of an academic debate or any furor, but when I looked at it, I 
started finding problems and here we are today. 

Mr. Whitfield. And I would ask Dr. Crowley and Mr. McIntyre or 
anybody else that wants to comment: the Wall Street Journal that has 
been referred to many times today says that Dr. Mann’s methodology 
could produce hockey sticks from random trendless data. Is that a 
correct statement or is that incorrect statement? 

Mr. McIntyre. Well, let me answer that. That is true, and that is 
the one specific item that was verified by both panels, and both the NAS 
panel and the Wegman report specifically confirm that his methodology 
would produce a hockey stick from random data. 

Mr. Whitfield. Okay. Dr. Crowley, did you want to comment on 
that? 

Dr. Crowley. I am not an expert in statistics so I just have to defer 
from that answer. All I can say is that when we took a completely 
different approach with the very simple averaging, we got an answer that 
was pretty similar. 

Mr. Whitfield. Dr. von Storch? 

Dr. von Storch. I think I have a bit of reputation in studies of 
climatology as I am the coauthor of I would say the leading statistics 
book in that field. So first of all, what Mr. McIntyre is saying is correct. 
You can get that. But this requires that you have no other significant 
signals in the field, in particular no correlation in space, and this is not 
the case in climatological variables and so I would say even if it is 
entirely true what he said and I would include it in the next version of 
this book we have written. I would say in very many practical situations 
it would not show up. 

Mr. Whitfield. Thank you. My time has expired. 

Chairman Barton. Has Mr. Stupak not gone yet? 
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Mr. Stupak. No. 

Chairman Barton. Well, then let us get Mr. Stupak. He has 
waited patiently all afternoon. 

Mr. Stupak. Dr. Karl, if I may. Dr. von Storch says that the 
reputation of the IPCC has increased to very high levels in the past years, 
that most lead authors are honest brokers of the work they review and 
that perhaps in such a complex and large field as the IPCC is addressing, 
it may not be possible to have lead authors who have not contributed to 
the field. But then Dr. von Storch concludes that an independent review 
by the IPCC is not possible under the current system. How would you 
respond to that? 

Dr. Karl. Again, no human-conceived system is perfect. I don’t 
know how you might improve it in terms of the way it operates today. 
The peer review process really is driven by others’ availability to 
comment and the IPCC documents are open for everyone from every 
discipline to comment on including the governments of the world. I 
think one of the issues that has been discussed in the hearing today is one 
that is typical of science where you can publish something but sometimes 
it takes a period of years to try and come up with a different analysis, 
technique, or to explore the decisions that are made in a particular 
analysis technique. The IPCC process right now is over a period of 2 
years. I don’t see how you could actually open up a process more and I 
don’t see how you could actually have a process whereby every piece of 
information is going to be evaluated in terms of a new analysis, and that 
is the reason it is done every 5 or 6 years to update, see if there are 
differences. So, for example, I am sure all the work being done since the 
2001 IPCC assessment and the next one that is coming out next year will 
be included and assessed. 

Mr. Stupak. Well, the 2001 IPCC report really referenced other 
studies other than the 1998 and 1999 Mann hockey stick study, right? 

Dr. Karl. Yes. In fact, as I said, it would have been— I hate to use 
the words “very unlikely” because those are like the words that are used 
in the IPCC but I don’t think IPCC would have actually made a 
statement about the 1990s had it only been based on one article. If it was 
just the Mann work, I just don’t think we would have had the confidence 
to say anything. 

Mr. Stupak. I am looking at your 2001 report here, and I am on 
page— and in there it says new analysis of proxy data for the Northern 
Hemisphere indicate that the increase in temperature in the 20^^ Century 
is likely to have been the largest of any century during the past 1,000 
years. It is also likely that in the Northern Hemisphere the 1990s was the 
warmest decade and 1998 was the warmest year. That was the 
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conclusion of 2001 and that is based upon more than just the Mann 
study. Isn’t that correct? 

Dr. Karl. That is correct. 

Mr. Stupak. Okay. You used the word “likely.” I know today 
especially when the Chairman asked questions it was like absolute based 
upon the Mann study and that is not the case, it based upon— your 2001 
report takes some other things other than the Mann hockey stick study, 
right? 

Dr. Karl. That is correct. 

Mr. Stupak. What is the significance of the word “likely”? Not 
working in your field, I may have a different view of “likely” but you use 
it twice. Can you give any further explanation of that? 

Dr. Karl. What we tried to do is clarify what we meant by the 
word “likely” because it can be taken all different ways because it is used 
frequently in the literature. We define “likely” as a probability of the 
statement being true between 66 and 90 percent of the time. That means 
slightly better than two to one odds at the low end, and at the high end 
close to nine to one odds. 

Mr. Stupak. You have been here all day. Is there anything you 
have heard today which would make you change your mind about the 
conclusions of the 2001 IPCC report? 

Dr. Karl. No. If you ask me to give qualifications about the 
findings in the 2001 report with the same caveat in terms of defining 
likelihood, I personally would not change anything. 

Mr. Stupak. And going further in this, your 2001 report, the IPCC 
report, they talk about the Jones et ah, about having the warmest year of 
the past millennium in the Northern Hemisphere, Jones et al. in 1998 
came to a similar conclusion from largely independent data and entirely 
independent methodology. Crowley and Lowery in 2000 reach a similar 
conclusion. Borehole data, Pollick, et cetera, in 1998 independently 
support this conclusion for the past 500 years. So there is plenty of other 
things to base that conclusion upon and not just the Mann— 

Dr. Karl. That is correct. 

Mr. Stupak. And somewhere today someone said something like 
there is over 900 reports or studies on global warming. Is that correct? 

Dr. Karl. I am sure there is even more than that. I think that was a 
random sample, so there is probably in the tens of thousands. 

Mr. Stupak. Okay. Thank you. Dr. Crowley, if I may, when I was 
asking Dr. Wegman about this chart here, which was showing the warm 
age there in around 1300 or so, I think he called it the cartoon graph, was 
his word. Is that based on any set of data or anything or— 

Dr. Crowley. That is pretty much a cartoon graph actually. This is 
really in the first round of IPCC. Nobody ever felt there was a need to— 
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had thought of whether there should be a need to have a quantitative 
estimate of climate for the last 1,000 years. They wanted to try to 
provide a perspective and they didn’t realize they didn’t have one and 
they basically talked to some people and there was a lot of anecdotal 
evidence for medieval warm period, that people said it was warmer than 
the present roughly during these years, you know, so it was really pretty 
much of a guesstimate, and it was only when we started looking at a 
number of sites that had a very good chronology so we knew where they 
were in time and that we realized that the timing of the warmth was not 
the same in different regions, that that peak collapsed. 

Mr. Stupak. So it is not fair to compare this cartoon graph with Dr. 
Mann’s hockey stick? 

Dr. Crowley. No, I don’t think that was intention of Dr. Wegman. 
I think he was just— 

Mr. Stupak. No, I guess the Wall Street Journal used it more as 
one of those. You said the Wegman report should not be a legitimate 
assessment of the science of global warming or as a guide to policy 
modification. Can you elaborate a little bit on that? 

Dr. Crowley. Well, I felt that-again, I have to-I can’t remember 
exactly where— do you have it listed where I said that so I can— 

Mr. Stupak. Let me find it here. 

Dr. Crowley. Last page. So what I said is I disagree with many in 
the fact sheet and also in the report itself It is not like I disagreed with 
what he was saying about his analysis of the Mann et al. record there but 
some of the recommendations that he was making I think that I felt there 
was a need— I just disagreed with him and so I was concerned that in 
terms of recommending any changes. I am not saying that interaction 
with statisticians is bad. I strongly favor very enhanced interaction but a 
lot of that is already happening. 

Mr. Stupak. Mr. McIntyre, you are not a paleoclimatologist, right? 

Mr. McIntyre. No. 

Mr. Stupak. And you are not a statistician? 

Mr. McIntyre. I studied mathematics and statistics at university. 

Mr. Stupak. So are you a statistician then? 

Mr. McIntyre. I have not practiced as a statistician, but this is 
what I have been doing for the last few years. I think that— 

Mr. Stupak. You have been doing statistics the last 2 years then? 

Mr. McIntyre. I have been working at statistical analysis of multi- 
proxy studies for the last 3 years. 

Mr. Stupak. Three years. Okay. 

Mr. McIntyre. I note that my findings have been endorsed by both 
the NAS panel and the Wegman report. 
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Mr. Stupak. In this— again, reading the Wall Street Journal 
editorial. I am not sure how accurate this is but it say you and Mr. 
McKitrick published an article in a peer review journal. What discipline 
did the peer review? 

Mr. McIntyre. We have published articles in two journals, 
Geophysical Research Letters, which is the same journal that published 
the original Mann article, and Energy and Environment. 

Mr. Stupak. Let me ask Dr. Crowley if I can. Both you and Dr. 
Karl and the National Research Council have stated that the Mann study 
was not the most influential work in the IPCC 2001 report. You testified 
that the papers that made the biggest differences were ones that said the 
influence of greenhouse gases had to be used to reconcile the data and 
the models and the most compelling driver was the fact that global 
temperatures kept going up and glacier melt was increasing. Why then is 
there so much emphasis on the Mann report? 

Dr. Crowley. Well, there has been this discussion before about it 
being used as an icon, okay, and people say well, if it is not right, then is 
IPCC wrong, so there has then been that connection drawn. So I think 
for rightly or wrongly, I am not sure if IPCC is the only one responsible 
for broad— for using that as an icon but it has effectively become one and 
I think that is really the— what the— I guess the argument settles down to. 

Mr. Stupak. Thank you. I guess my time is up. We have got 3 
minutes to go vote. 

Mr. Whitfield. I want to thank all of you on the panel, one, for 
being here, two, for being so patient, and three, for what you do and the 
contributions that all of you are making. We may or may not have some 
more hearings on this. I know we do have an invitation out to Dr. Mann 
and we will see if he is going to come or not. But I want to ask 
unanimous consent that the document binder be submitted into the record 
of this hearing, unanimous consent that the document in Newsweek that 
Chairman Barton referred to about the cooling world be entered into the 
record and then I would like to keep the record open for 30 days for any 
follow-up questions we may have. So without objection, so ordered and 
this hearing is concluded, and thank you all again for being with us. We 
genuinely appreciate it. 

[The information follows:] 
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Dear Dr. Mann: 


Questions have been raised, according to a February 14, 2005 article in 27te Wall Street 
Journal, about the significance of methodological flaws and data errors in your studies of the 
historical record of temperatures and climate change. We understand that these studies of 
temperature proxy records (tree rings, ice cores, corals, etc.) formed the basis for a new finding in 
the 2001 United Nation’s Intergovernmental Panel on Climate Change (IPCC) Third Assessment 
Report (TAR). This finding - that the increase in 20*’’ century northern hemispho-e temperatures is 
“likely to have been the largest of any century during the past 1,000 years” and that the ‘T990s was 
the warmest decade and 1 998 the warmest year” - has since been referenced widely and has become 
a prominent feature of the public debate surrounding climate change policy. 

However, in recent peer-reviewed articles in Science, Geophysical Research Letters, and Energy 
& Environment, researchers question the results of this work. As these researchers find, based on the 
available information, the conclusions concerning temperature histories - and hence whether 
wanning in the 20* centmy is actually unprecedented - cannot be supported by the Mann et al 
studies cited in the TAR. hi addition, we understand fi-om the February \ A Journal and these other 
reports that researchers have failed to replicate the findings of these studies, in part because of 
problems with the underlying data and the calculations used to reach the conclusions. Questions 
have also been raised concerning the sharing and dissemination of the data and methods used to 
perform the studies. For example, according to the Januaiy 2005 Energy & Environment, such 
information necessary to replicate the analyses in the studies has not been made fully available to 
researchers upon request. 

The concerns surrounding these studies reflect upon the quality and transparency of federally 
funded research and of the IPCC review process - two matters of particular interest to the 
Committee. For example, one concern relates to whether IPCC review has been sufficiently 
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independent. We understand that you were a lead author of the IPCC chapter that assessed and 
reported your own studies, and that two study co-authors were also contributing authors to this 
very same chapter. Given the prominence these studies were accorded in the IPCC TAR and your 
position and role in that process, we seek to learn more about the facts and circumstances that led 
to acceptance and prominent use of this work in the IPCC TAR and to understand what this 
controversy indicates about the data quality of key ffCC studies. 

As you know, sharing data and research results is a basic tenet of open scientific inquiry, 
providing a means to judge the reliability of scientific claims. The ability to replicate a study, as 
the National Research Council has noted, is typically the gold standard by which the reliability of 
claims is judged. Given the questions reported about data access surrounding these studies, we 
also seek to learn whether obligations concerning the sharing of information developed or 
disseminated with federal support have been appropriately met. 

In light of the Committee’s jurisdiction over energy policy and certain environmental issues, 
the Committee must have full and accurate information when considering matters relating to 
climate change policy. We open this review because this dispute surrounding your studies bears 
directly on important questions about the federally fimded work upon which climate studies rely 
and the quality and transparency of analyses used to support the IPCC assessment process. With 
the IPCC currently working to produce a fourth assessment report, addressing questions of 
quality and transparency in the process and underlying analyses supporting that assessment, both 
scientific and economic, are of utmost importance if Congress is eventually going to make policy 
decisions drawing from this work. 

To assist us as we begin this review, and pursuant to Rules X and XI of the U.S. House of 
Representatives, please provide the following information requested below on or before July 1 1, 
2005: 

1 . Your curriculum vitae, including, but not limited to, a list of all studies relating to climate 
change research for which you were an author or co-author and the source of funding for 
those studies. 

2. List all financial support you have received related to your research, including, but not 
limited to, all private, state, and federal assistance, grants, contracts (including subgrants 
or subcontracts), or other financial awards or honoraria. 

3. Regarding all such work involving federal grants or funding support under which you 
were a recipient of funding or principal investigator, provide all agreements relating to 
those underlying grants or funding, including, but not limited to, any provisions, 
adjustments, or exceptions made in the agreements relating to the dissemination and 
sharing of research results, 

4. Provide the location of all data archives relating to each published study for which you 
were an author or co-author and indicate: (a) whether this information contains all the 
specific data you used and calculations your performed, including such supporting 
documentation as computer source code, validation information, and other ancillary 
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information, necessary for fiill evaluation and application of the data, particularly for 
another party to replicate your research results; (b) when this information was available to 
researchers; (c) where and when you first identified the location of this information; (d) 
what modifications, if any, you have made to this information since publication of tihe 
respective study; and (e) if necessary information is not fiilly available, provide a detailed 
narrative description of the steps somebody must take to acquire the necessary information 
to replicate your study results or assess the quality of the proxy data you used. 

5. According to The Wall Street Journal^ you have declined to release the exact computer 
code you used to generate your results, (a) Is this correct? (b) What policy on sharing 
research and methods do you follow? (c) What is the source of that policy? (d) Provide 
this exact computer code used to generate your results. 

6. Regarding study data and related information that is not publicly archived, what requests 
have you or your co-authors received for data relating to the climate change studies, what 
was your response, and why? 

7. The authors McIntyre and McKitrick {Energy &. Environment^ Vol. 16, No. 1, 2005) 
report a number of errors and omissions in Mann et. al., 1998. Provide a detailed 
narrative explanation of these alleged errors and how these may affect the tmderlying 
conclusions of the work, including, but not limited to answers to the following questions: 

a. Did you run calculations without the bristlecone pine series referenced in the 
article and, if so, what was the result? 

b. Did you or your co-authors calculate temperature reconstructions using the 
referenced “archived Gaspe tree ring data,” and what were the results? 

c. Did you calculate the R2 statistic for the temperature reconstruction, particularly 
for the 15*^ Century proxy record calculations and what were the results? 

d. What validation statistics did you calculate for the reconstruction prior to 1 820, 
and what were the results? 

e. How did you choose particular proxies and proxy series? 

8. Explain in detail your work for and on behalf of the Intergovernmental Panel on Climate 
Change, including, but not limited to: (a) your role in the Third Assessment Report; (b) 
the process for review of studies and other information, including the dates of key 
meetings, upon which you worked during the TAR writing and review process; (c) the 
steps taken by you, reviewers, and lead authors to ensure the data underlying the studies 
forming the basis for key findings of the report were sound and accurate; (d) requests you 
received for revisions to your written contribution; and (e) the identity of the people who 
wrote and reviewed the historical temperature-record portions of the report, particularly 
Section 2.3, “Is the Recent Wanning Unusual?” 
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Dr. Michael Maim 
Page 4 

Thank you for your assistance. If you have any questions, please contact Peter Spencer of 
the Majority Committee staff at (202) 226-2424. 



Chairman 


Sincerely, 

Ed Whitfield 
Chairman 

Subcommittee on Oversight 
and Investigations 


The Honorable John Dingell, Ranking Member 
The Honorable Bart Stupak, Ranking Member, 
Subcommittee on Oversight and Investigations 



268 


July 15, 2005 


Via Federal Express 
Joe Barton, Chairman 

House Committee on Energy and Commerce 
Ed Whitfield, Chairman 
Subcommittee on Oversight and Investigations 
2125 Rayburn House Office Building 
Washington, D.C. 20515 

Dear Chairman Barton and Chairman Whitfield: 

This letter responds to your letter of June 23, 2005, which seeks information on 
issues relating to my research on the historical record of temperatures and climate 
change. ^ Your letter lays out a number of “concerns” about the research my colleagues 
and I have conducted about global warming. Your letter also inquires about the role I 
played in the preparation of the United Nation’s Intergovernmental Panel on Climate 
Change Third Assessment Report (the so-called “TAR”). 

I will address each of your questions in turn. Before doing so, however, let me 
state that my research findings, which support the conclusion that the earth’s surface 
is warming, and that recent warming is due in large part to human influences, are 
consistent with the overwhelming scientific consensus on climate change. My research 
has been subject to intensive peer-review. Other scientists have replicated all facets of 
my research and have found it accurate and reliable. The specific conclusion published 
by my colleagues and me that late 20th century Northern Hemisphere warmth is 
anomalous in the context of at least the past millennium is common to many studies. 
Based on multiple supporting studies, the TAR came to a similar conclusion. The TAR 
did not rely solely on the work of my colleagues and me in reaching this conclusion. 
Recent work since the TAR has provided further support for this conclusion, which is 
now common to more than a dozen independent studies published in the peer-reviewed 
scientific literature. (I have provided for reference a comprehensive review by Jones and 
Mann in the journal “Reviews of Geophysics” of the American Geophysical Union 
(AGU).) The criticisms your letter cites have been soundly rejected by the scientific 
community. 


1 This response is submitted without waiving any objection I might have 
to the Committee’s jurisdiction over the subject matter of this inquiry. 
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The most serious contention in your letter — namely, that my work has not been 
subject to replication because I have failed to make available the underlying research data 
— is incorrect. Your letter notes that the National Research Council’s “gold standard” 
for scientific research is the ability of other scientists to replicate first-generation 
research, and I fully agree. My colleagues and I follow the National Research Council’s 
guidance with regards to the disclosure of research data, and all of our data and 
methodologies have been fully disclosed and are available to anyone with a computer and 
an internet connection. As a result of our willingness to share our research with others, 
an independent team of scientists has used the research data my colleagues and I have 
made public to replicate our research and confirm the reliability of our findings. See 
Wahl, E.R., Ammann, C.M., Robustness of the Mann, Bradley, Hughes Reconstruction of 
Surface Temperatures: Examination of Criticisms Based on the Nature and Processing 
of Proxy Climate Evidence, Climate Change (2005) (forthcoming) and associated 
website: http://www.cgd.eduyccr/ammann/millennium/MBH_reevaluation.html. 

Let me now turn to your specific questions, which ask that I provide the following 
information: 

Ql: Your letter first asks that I furnish the Committee my curriculum vitae, along 
with a “list of all studies relating to climate change research for which you were an author 
or co-author and the source of funding for those studies.” 

A: This material is attached. 

Q2: Your letter next asks that I “[l]ist all financial support” I have received to 
support my research. 

A: See attachment. 

Q3: Your letter requests that I provide, for all “work involving federal grants or 
funding support under which you were a recipient of funding or a principal investigator,” 
“all agreements relating to those underlying grants or funding, including, but not limited 
to, any provisions, adjustments, or exceptions made in the agreement relating to the 
sharing of research results.” 

A: These requests are not directed to the appropriate person. The committee 
should contact the University of Massachusetts and University of Virginia offices of 
grant administration for these materials. With respect to the UMass NSF research funds 
(which supported the 1998 Nature article), it should furthermore be noted that I was not 
the Principal Investigator for this NSF project, and I am not, nor have I ever, been in 
possession of any official paperwork related to this grant. 

Q4: Your next question asks for “the location of all data archives relating to each 
published study for which” I was “an author or co-author” and whether such data would 
be sufficient to permit other researchers to replicate the work. 
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A: The data, descriptions of methods, and results related to my research — more 
than sufficient to permit other researchers to replicate the research — have been 
extensively archived (in many cases, in several archives) on public websites, and data 
links within the websites. The website addresses appear in the margin.^ 

Q5: This question begins by stating that, “[ajccording to The Wall Street Journal, 
you have declined to release the exact computer code you used to generate your results.” 
The question then poses a series of questions: “(a) Is that correct? (b) What policy on 


2 http://fox.rwu.edu/~rutherfo/supplements/jclim2003a/ 

http://www.ngdc.noaa.gOv/paleo/pubs/jones2004/jones2004.html 

http://www.ngdc.noaa.gOv/paleo/pubs/mann2003b/mann2003b.html 

http://www.ngdc.noaa.gOv/paleo/pubs/mann2003/maim2003.html 

http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html 

http://\vww.ncdc.noaa.gov/paleo/ei/ei_datarev.html 

http://www.ncdc.noaa.gov/paleo/ei/ei_reconsa.html 

http://www.ncdc.noaa.gov/paleo/ei/ei_reconsb.htmI 

http://wvm.ncdc.noaa.gov/paleo/ei/ei_reconsc.html 

http ://www.ncdc.noaa. gov/ cgi-bin/paleo/mannplot2 .p 1 

http://vmw.ncdc.noaa.gov/paleo/ei/data_supp.html 

http://www.ncdc.noaa.gov/paleo/ei/stats-supp-annual.html 

http://wvm.ncdc.noaa,gov/paleo/ei/stats-supp-cold.html 

http://www.ncdc.noaa.gov/paleo/ei/stats-supp-warm.html 

http://www.ncdc.noaa.gov/paleo/ei/ei_nodendro.html 

ftp;//ftp.ngdc.noaa.gov/paleo/paIeolimnology/newengland/glacial_lake_hitchcoc 

k/ 

ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/nino3.dat 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE- 
PREPRINTS/Millennium/D ATA/RECON S/ 

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/ 

http://vvmw.ngdc.noaa.gov/paleo/pubs/mann 1 998/frames.htm 

ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ 

ftp://holocene.evsc.virginia.edu/pub/MBH98/ 

f^://holocene.evsc.virginia.edu/pub/MANNETAL98/ 

ftp://holocene.evsc.virginia.edu/pub/MANNETAL98/FIGUREDATA/ 

ftp://holocene.evsc.virginia.edu/pub/MANNETAL98/INSTRUMENTAL/ 

ftp://hoIocene.evsc.virginia.edu/pub/MANNETAL98/METHODS/ 

ftp://holocene.evsc.virginia.edu/pub/MANNETAL98/PROXY/ 

ftp://holocene.evsc.virginia.edU/pub/mann/Filter/lowpass.m 

ftp://holocene.evsc.virginia.edU/pub/mann/Filter/lowpassmin.m 

http://vmw.atmos.ucla.edu/tcd/ssa/ 

http://holocene.evsc.virginia.edu/Mann/tools/MTM-RED 

http://holocene.evsc.virginia.edu/Mann/tools/MTM-COHERE 

http://holocene.evsc.virginia.edu/Mann/tools/CMPLXDEMOD 

http://holocene.evsc.virginia.edu/Mann/tools/MTM-SVD 
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sharing research and methods do you follow? (c) What is the source of that policy? (d) 
Provide this exact computer code used to generate your results.” 

The question presumes that in order to replicate scientific research, a second 
researcher has to have access to exactly the same computer program (or “code”) as the 
initial researcher. This premise is false. The key to replicability is unfettered access to 
all of the underlying data and methodologies used by the first researcher. My data and 
methodological information, and that of my colleagues, are available to anyone who 
wants them.^ As noted above, other scientists have reproduced our results based on 
publicly available information. 

It also bears emphasis that my computer program is a private piece of intellectual 
property, as the National Science Foundation and its lawyers recognized. The National 
Science Foundation — the government agency that establishes policy in this area — has 
confirmed that my colleagues and I have met every requirement of transparency and 
openness in our research. My research is all based on data sets regarding the Earth’s 

3 All of the proxy data (tree-rings, coral, ice cores, and historical 
documents) used in Mann et al (1998) has been available since May 2000 on 
this public website: ftp://holocene.evsc.virginia.edu/pub/MBH98. The 
methodology used by my colleagues and me is described in detail in the initial 
publication, and further expanded upon in July 2004 on Nature's supplementary 
website 

(http ://www .nature, com/nature/j oumal/v43 0/n6995/suppinfo/nature02478 .html) 
and on our own website, ftp://holocene.evsc.virginia.edu/pub/MANNETAL98. 
Moreover, independently-derived source codes for implementing our algorithm, 
and all required input data, have been posted on the website of the National 
Center for Atmospheric Research. See 

http://www.ucar.edu/ccr/ammann/millennium/CODES_MBH.html. For these 
reasons, charges that our work is not subject to replication are unfounded. The 
initial description of the work was sufficient to permit researchers to 
independently produce the key algorithms. See, e.g., Zorita, E., F. Gonzalez- 
Rouco, and S. Legutke, Testing the Mann et al(1998) approach to paleoclimate 
reconstructions in the context of a 1000-yr control simulation with the ECHO~G 
Coupled Climate Model, J. Climate, 16, 1378-1390 (2003); Von Storch, H., E. 
Zorita, J.M. Jones, Y. Dimitriev, F. Gonzalez-Rouco, F., and S.F.B. Tett, 
Reconstructing Past Climate from Noisy Data, Science, 306, 679-682 (2004). 

Not only have we replicated our results with a different methodology 
(Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, 
M.K., Jones, P.D., Proxy-based Northern Hemisphere Surface Temperature 
Reconstructions: Sensitivity to Methodology, Predictor Network, Target Season 
and Target Domain, Journal of Climate (2005) (to appear in July issue), but an 
independent group has replicated our original methods and results (See Wahl, 

E.R. and Ammann, C.M., Robustness of the Mann, Bradley, Hughes 
Reconstruction of Surface Temperatures: Examination of Criticisms Based on 
the Nature and Processing of Proxy Climate Evidence, Climatic Change (2005) 
(forthcoming)). 
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climate that are freely and widely available to all researchers. Whether I make available 
my computer programs is irrelevant to whether our results can be reproduced. And 
whether I make my computer programs publicly available or not is a decision that is mine 
alone to make. Since other scientists have used the methods we described and the data 
we archived to replicate our results, the issue of whether my computer program is 
available has no bearing whatsoever on the veracity of our results. The question you 
posed — whether I have fully satisfied established scientific standards for data-sharing — 
has been fully considered by the National Science Foundation. As your letter notes, two 
Canadian researchers, Steve McIntyre and Ross McKitrick, contacted NSF to inquire 
whether I had complied with National Science Foundation requirements. The National 
Science Foundation twice informed them that I have, in fact, complied with all applicable 
transparency and openness standards and that, under long-standing Foundation policy, the 
computer codes referred to by The Wall Street Journal are considered the intellectual 
property of researchers and are not subject to disclosure."* 


4 For the sake of completeness, let me quote in its entirety the email 
message sent by Dr. David J. Verardo, Director, Paleoclimate Program, Division 
of Atmospheric Sciences, National Science Foundation to Mr. Steve McIntyre 
(copied to me), on December 17, 2003, in response to a previous email that 
McIntyre had sent to Dr. Verardo (copied to me): 

Dear Mr. McIntyre, 

I apologize if my last electronic message was not clear but let me clarify the US 
NSF's view in this current message. Dr. Mann and his other US colleagues are under 
no obligation to provide you with any additional data beyond the extensive data 
sets they have already made available. He is not required to provide you with 
computer progiams, codes, etc. His research is published in the peer-reviewed 
literature which has passed muster with the editors of those journals and other 
scientists who have reviewed his manuscripts. You are free to your analysis of 
climate data and he is free to his. The passing of time and evolving new knowledge 
about Earth’s climate will eventually tell the full story of changing climate. I would 
expect that you would respect the views of the US NSF on the issue of data access 
and intellectual property for US investigators as articulated by me to you in my last 
message under the advisement of the US NSF's Office of General Counsel. 

Respectfully, 

David J. Verardo 
Director, Paleoclimate Program 
Division of Atmospheric Sciences 
National Science Foundation 
4201 Wilson Blvd. 

Arlington, VA 22203 

Even more recently, the National Science Foundation confirmed its view that 
my computer codes are my intellectual property. A recent issue of the Chronicle 
of Higher Education states: “According to David Stonner, of the Congressional- 
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With this background in mind, let me now respond to your specific inquiries: 

A (Q5A): I have made available all of the research data that I am required to 
under United States policy as set by the National Science Foundation. In accordance 
with the rules promulgated by the Foundation and supported by the Foundation’s General 
Counsel, I maintain the right to decline to release any computer codes, which are my 
intellectual property. 

A(Q5B): The policy regarding sharing research and methods I and my 
colleagues follow is to disclose any information that might be useful to other researchers, 
including the data, description of methodology, and so forth, that would enable a 
competent scientist to replicate our work. The proof here, of course, is that other 
scientists have in fact succeeded in replicating our work. And, as noted above, our 
policies are fully in keeping with those established by the National Science Foundation. 

A(Q5C): The source of these policies is the National Science Foundation. 

A(Q5D): My computer program is a piece of private, intellectual property, as the 
National Science Foundation and its lav^ers recognize. It is a bedrock principle of 
American law that the government may not take private property “without [a] public 
use,” and “without just compensation.” 

That notwithstanding, the program used to generate the original Mann et al. 1998 
temperature reconstructions is posted at this website: 
ftp://holocene.evsc.virginia.edu/pub/MANNETAL98/ 

(see “METHODS” subdirectory) 

Q6: The Committee next asks that, “Regarding study data and related 
information that is not publicly archived, what requests have you and your co-authors 
received for data relating to climate change studies, what was your response, and why?” 

A: I can of course only speak for myself, but I do not believe that there is any 
“study data” used in my published work that is not publicly archived. Having said that, I 
do respond diligently to any requests from scientific colleagues for data or 
methodological details relating to our research. 


affairs office at the National Science Foundation, Mr, McIntyre contacted the 
foundation last year to ask for Mr. Mann's computer code. Mr. Stonner said the 
agency had told Mr. McIntyre that the code was the intellectual property of Mr. 
Mann . . ..” Richard Monastersky, Congressman Demands Complete Records 
on Climate Research by 3 Scientists Who Support of Global Warming, Chronicle 
of Higher Education (July 1 , 2005), available at: 

http://chronicle.com/temp/email.php?id=dopjw74bwvqzvd3k9tekp5avlofvb2yu. 
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Q7: This question poses a number of questions based on an article published by 
McIntyre and McKitrick in Energy & Environment. The question states that these 
authors “report a number of errors and omissions in Mann et al. 1998 and how these may 
affect the underlying conclusions of the work.” The question goes on to list a number of 
topics that I should address in a “narrative explanation.” 

A: I want to begin by emphasizing that nothing in McIntyre and McKitrick’s 
article undermines the conclusion of my research. My colleagues and I stand foursquare 
behind our work. So does the scientific community. 

The various claims of McIntyre and McKitrick — including the ones repeated in 
your question — have been exhaustively examined by two different groups of climate 
researchers who have found their objections to be unfounded.^ See also National Center 
for Atmospheric Research, Media Advisory: The Hockey Stick Controversy New Analysis 
Reproduces Graph of Late 20th Century Temperature Rise (May 1 1, 2005) (available at: 
http://www.ucar.edu/news/releases/2005/ammann.shtml). Moreover, it is my 
understanding that several other groups of climate researchers have examined McIntyre 
and McKitrick’s criticisms and also have found their criticisms lacking in merit. On the 
other hand, I know of no independent scientific group that has found any of McIntyre and 
McKitrick’s claims to be valid. 

Nor is that surprising. Energy & Environment is not a peer reviewed scientific 
journal; it is a journal primarily devoted to policy rather than science that appears to 
engage in, at most, haphazard review of its articles. And neither McIntyre nor McKitrick 
is a trained climate scientist. According to the biographical data on their websites, Mr. 
McIntyre is a mining industry executive with no formal training in any discipline related 
to climate research and Mr. McKitrick is an economist with no scientific training, hardly 
credentials that lend force to their academic arguments. See 
http://www.uoguelph.ca/~rmckitri/cv.html and 
http://www.uoguelph.ca/~nnckitri/research/stevebio.doc. 

Adding to the problem, the editor of Energy & Environment, Ms. Sonja Boehmer- 
Christiansen, has candidly acknowledged that the publication has a clear editorial bias. 

In the September 5, 2003 issue of the Chronicle of Higher Education, Ms. Boehmer- 
Christiansen is quoted as describing the editorial policy of Energy & Environment in this 
way: “I’m following my political agenda - a bit, anyway. *** But isn’t that the right of 


5 See, e.g., Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., 
Briffa, K.R., Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere 
Surface Temperature Reconstructions: Sensitivity to Methodology, Predictor 
Network, Target Season and Target Domain, Journal of Climate (2005) (in 
press, to appear in July issue); Wahl, E.R. and Ammann, C.M., Robustness of 
the Mann, Bradley, Hughes Reconstruction of Surface Temperatures: 
Examination of Criticisms Based on the Nature and Processing of Proxy 
Climate Evidence, Climatic Change (2005) (forthcoming). 


7 



275 


an editor?” As to “peer review,” Ms. Boehmer-Christiansen has acknowledged in an 
email to Dr. Tim Osborn of the Climatic Research Unit at the University of East Anglia 
(U.K.), that in her rush to get the McIntyre and McKitrick piece into print for political 
reasons Energy & Environment dispensed with what scientists consider peer review (“I 
was rushing you to get this paper out for policy impact reasons, e.g. publication well 
before COP9”). As Ms. Boehmer-Christiansen added, the “paper was amended until the 
very last moment. There was a trade off in favour of policy.” McIntyre and McKitrick’s 
work has been discredited by ample peer-reviewed, scientific work. 

Nonetheless, let me try to respond to the Committee’s specific questions. 

A(7A,7B): The Committee inquires about the sensitivity of the results of the 
Mann et al 1998 study to the inclusion or omission of certain North American tree-ring 
data (“the bristlecone pine series” and “archived Gaspe tree ring data” referred to in the 
Committee’s letter). For a complete scientific response, you should consult the article 
my co-authors and I published back in 1999 addressing precisely these issues: Mann, 
M.E., Bradley, R.S., and Hughes, M.K., Northern Hemisphere Temperatures During the 
Past Millennium: Inferences, Uncertainties, and Limitations, Geophysical Research 
Letters, 26, 759-62 (1999). 

The issues raised by the Committee involve a 100 year sub- interval of our 
reconstruction jfrom AD 1400-1500, As my co-authors and I explained in our 1999 
article cited above, given the proxy data available at that time, certain key tree-ring data 
(including the series mentioned above) were essential, if the reconstructed temperature 
record during early centuries were to have any climatologic “skill” (that is, any validity 
or meaningfulness). These conclusions were of course reached through analyses in which 
these key datasets were excluded, and the results tested for statistical validity. Our 
conclusions have been confirmed by Wahl and Ammann (see above). These researchers 
have demonstrated that the reconstructions produced by McIntyre and McKitrick result 
from ignoring these key data, and fail the accepted, basic tests for statistical validity. 
Moreover, Wahl and Ammann demonstrate that the climatologically improbable results 
obtained by McIntyre and McKitrick, which would suggest that the Northern Hemisphere 
was unusually warm during the 15*'^ century (the middle of the so-called “Little Ice 
Age”), are statistically meaningless, and an artifact of both their exclusion of key proxy 
data (as discussed above) and the use of a flawed implementation of the Mann et al, 1998 
method. See http://www.cgd.ucar.edu/ccr/ammann/millennium/CODES_MBH.html) 
(chart at the bottom of the page). 

Since 1999 new proxy data have become available and new methodologies 
developed for using them. Studies using these data and methodologies have confirmed 
the primary conclusion of our work (e.g. Mann et al. 1998 and Mann et al 1999) that the 
most recent decades were likely the warmest of the past 1,000 years for the Northern 
Hemisphere on the average. The most recent such «tudy (published in Nature) in fact 
extends this conclusion to at least the past 2,000 years. Moberg, A., D.M. Sonechkin, K. 
Holmgren, N.M. Datsenko, and W. Karlen, Highly Variable Northern Hemisphere 
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Temperatures Reconstructed from Low- and High-resolution Proxy Data, Nature, 433, 
613-617(2005). 

A(7C): The Committee inquires about the calculation of the R2 statistic for 
temperature reconstruction, especially for the 15^^ Century proxy calculations. In order to 
answer this question it is important to clarify that I assume that what is meant by the 
“R2” statistic is the squared Pearson dot-moment correlation, or (i.e., the square of the 
simple linear correlation coefficient between two time series) over the 1856-1901 
“verification” interval for our reconstruction. My colleagues and I did not rely on this 
statistic in our assessments of “skill” (i.e., the reliability of a statistical model, based on 
the ability of a statistical model to match data not used in constructing the model) 
because, in our view, and in the view of other reputable scientists in the field, it is not an 
adequate measure of “skill.” The statistic used by Mann et al. 1998, the reduction of 
error, or statistic, is generally favored by scientists in the field. See, e.g,, 
Luterbacher, J.D., et al., European Seasonal and Annual Temperature Variability, Trends 
and Extremes Since 1500, Science 303, 1499-1503 (2004). 

RE is the preferred measure of statistical skill because it takes into account not 
only whether a reconstruction is “correlated” with the actual test data, but also whether it 
can closely reproduce the mean and standard deviation of the test data. If a 
reconstruction cannot do that, it cannot be considered statistically valid (i.e., useful or 
meaningful). The linear correlation coefficient (r) is not a sufficient diagnostic of skill, 
precisely because it cannot measure the ability of a reconstruction to capture changes that 
occur in either the standard deviation or mean of the series outside the calibration 
interval. This is well known. 5*^^ Wilks, D.S., STATISTICAL METHODS IN ATMOSPHERIC 
Science, chap. 7 (Academic Press 1995); Cook, et al. Spatial Regression Methods in 
Dendroclimatology: A Review and Comparison of Two Techniques, International Journal 
of Climatology, 14, 379-402 (1994). The highest possible attainable value of (i.e., 

= 1) may result even fi-om a reconstruction that has no statistical skill at all. See, e.g., 
Rutherford, et al. Proxy-based Northern Hemisphere Surface Temperature 
Reconstructions: Sensitivity to Methodology, Predictor Network, Target Season and 
Target Domain, Journal of Climate (2005) (in press, to appear in July issue)(available at: 
ftp://holocene.evsc.virginia.edu/pub/mann/RuthetalJClimate-inpress05.pd^. For all of 
these reasons, we, and other researchers in our field, employ RE and not r as the 
primary measure of reconstructive skill. 

As noted above, in contrast to the work of Mann et al 1998, the results of the 
McIntyre and McKitrick analyses fail verification tests using the accepted metric RE. 

This is a key finding of the Wahl and Ammann study cited above. This means that the 
reconstructions McIntyre and McKitrick produced are statistically inferior to the simplest 
possible statistical reconstruction: one that simply assigns the mean over the calibration 
period to all previous reconstructed values. It is for these reasons that Wahl and 
Ammann have concluded that McIntyre and McKitrick’s results are “without statistical 
and climatological merit.” 
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A(7D): The Committee asks “[w]hat validation statistics did you calculate for the 
reconstruction prior to 1820, and what were the results?” Our validation statistics were 
described in detail in a table provided in the supplementary information on Nature's 
website accompanying our original nature article, Mann, M.E., Bradley, R.S., Hughes, 
M.K., Global-Scale Temperature Patterns and Climate Forcing Over the Past Six 
Centuries^ Nature, 392, 779-787 (1998). These statistics remain on Nature's website {see 
http://www.nature.com/nature/joumal/v392/n6678/suppinfo/392779a0.html) and on our 
own website. See ftp:holocene.evsc.virginia.edu/pub/Mannetal98. 

A(7E): The Committee asks how I “choose particular proxies and proxy series.” 
Again, this information is furnished in detail in both our original 1 998 article in Nature, 
and expanded upon in a follow-up article published in 2000. See Mann et al, Global 
Temperature Patterns in Past Centuries: An Interactive Presentation, Eardi Interactions 
4-4, 1-29 (2000), specifically this link therein; 
http;//www.ncdc.noaa.gov/paleo/ei/ei_nodendro.htlm. 

As our 1998 study and the additional information mentioned above make clear, 
we made use of all long-term, annually-resolved proxy indicators available to us in the 
public domain or through colleagues at the time the research was initiated (1996-1997) 
that met requirements for suitable length, age model reliability, and in the case of tree 
ring series, replication, inter-correlation and metadata as described above. 

Q8: This question asks me to “[e]xplain in detail” my work “for and on behalf of 
the Intergovernmental Panel on Climate Change,” including my “role in the Third 
Assessment Report” (referred to as “TAR”), and a host of information as to how TAR 
was prepared and how the authors of TAR verified the soundness of the data that formed 
the basis for the conclusions set forth in TAR. 

A: As is set forth on my curriculum vitae, I was one of ten lead authors of 
chapter 2 of TAR, and I served as a contributing author for chapters 7, 8, and 12 of the 
report. Given the breadth of the project, there were two layers of editorial review that 
oversaw the work of the lead authors for each chapter, so the chapter reflected a 
consensus scientific view, not merely the views of any single author. The TAR had 672 
scientist reviewers. In the United States, anyone who wanted to review the drafts was 
allowed access to them to provide a review. I am not myself familiar with any scientific 
document that has been more comprehensively reviewed than the TAR. 

Information concerning the “dates of key meetings,” the steps taken by 
“reviewers, and lead authors to ensure the data . . . were sound and accurate,” and the 
“identity of people who wrote and reviewed” portions of TAR should be obtained 
directly from the Intergovernmental Panel on Climate Change (“IPCC”). As I am sure 
you can appreciate, I am not an agent of the IPCC and I am not empowered to speak on 
IPCC’s behalf on these matters. Nor have I been authorized by the IPCC to make public 
information that the IPCC itself has not chosen to make publicly available. If the 
Committee is interested in pursuing these matters, I would urge that the Committee 


10 



278 


contact Sir John Houghton, the head of the Working Group, at the Hadley Centre in 
England. 

For the Committee’s convenience, I have sent along with this letter copies of key 
scientific articles referred to in this letter. Please let me know if you have questions. 


Respectfully submitted. 



Michael E. Mann, Ph.D. 

Associate Professor and 

Director of Earth System Science Center 

Department of Meteorology 

The Pennsylvania State University^ 


6 I do not formally assume this position until August 22, 2005. I currently 
serve as Assistant Professor, Department of Environmental Sciences, University 
of Virginia, Charlottesville. 
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Funded Proposals 
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2002-2005 

2002-2005 

2002-2003 

2002-2003 

2001-2003 

2001-2002 

1999-2002 

1998-2000 

1998-2000 

1996-1999 

1996-1998 


Decadal Variability in the Tropical Indo-Pacific: Integrating Paleo & Coupled Model 
Results, NOAA-Climate Change Data & Detection (CCDD) Program [Principal 
Investigators: M.E. Mann (U.Va), J. Cole (U. Arizona), V. Mehta (CRCES)] 

Reconstruction and Analysis of Patterns of Climate Variability Over the Last One to Two 
Millennia, NOAA-Climate Change Data & Detection (CCDD) Program [Principal 
Investigator: M.E. Mann, Co-Investigators: S. Rutherford, R.S. Bradley, M.K. Hughes] 
Remote Observations of Ice Sheet Surface Temperature: Toward Multi-Proxy 
Reconstruction of Antarctic Climate Variability, NSF-Office of Polar Programs, Antarctic 
Oceans and Climate System [Principal Investigators; M.E. Mann (U. Va), E. Steig (U. 
Wash.), D. Weinbrenner (U. Wash)] 

Paleoclimatic Reconstructions of the Arctic Oscillation, NOAA-Cooperative Institute for 
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Global Muliidecadal-to-Century-Scale Oscillations During the Last 1000 years, NOAA- 
Climate Change Data & Detection (CCDD) Program [Principal Investigator; Malcolm 
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Resolving the Scale-wise Sensitivities in the Dynamical Coupling Between Climate and the 
Biosphere, University of Virginia-Fund for Excellence in Science and Technology (FEST) 
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Advancing predictive models of marine sediment transport, Office of Naval Research 
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Investigators; R.S. Bradley, M.K. Hughes] 

Validation of Decadal-to-Multi-century climate predictions, DOE [Principal Investigator: 
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The changing seasons? Detecting and understanding climatic change, NSF-Hydrological 
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Systems History [Principal Investigator: R.S. Bradley; Co-Investigators: M.E. Mann, M.K. 
Hughes] 

Investigation of Patterns of Organized Large-Scale Climatic Variability During the Last 
Millennium, DOE, Alexander Hollaender Postdoctoral Fellowship [M.E. Marm] 


Professional Activities 
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2005 Co-convener/organizer (w/ J. Jouzel, P. Jones, W. Dullo), special session " Climate of the last 
millennium”, 2nd General Assembly, European Geophysical Union 

2004 Co-convener/organizer (w/ J. Jouzel, P. Jones, W. Dullo), special session " Climate of the past 
millennium”, 1 st General Assembly, European Geophysical Union 
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Forcing Effects on Climate 
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29) 

2003 Chair of organizing committee. National Academy of Sciences Frontiers of Science symposium 
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Public Outreach: 

• Ponular Media: CBS. NBC, ABC. CNN, CNN headline news. The Weather Channel. BBC. NPR, 

PBS. WCBS. Time. Newsweek. Life. US News & World Report. Economist. Scientific American, New 
Scientist National Geographic, Discover, Science News, Science, Rolling Stone. Mother Jones, 
Popular Science. USA Today. New York Times. New York Times ••Science Times^'. Washington Post. 
Wall Street Journal. Boston Globe, London Times. Irish Times, Le Monde, AP, UPl. Reuters, 

Scripps Howard, and numerous other television/print media 

• Co-founded climate information website, "RealClimate.org" (12/04) 

Refereed Journal Articles: 

• Mann, M.E., Rutherford, S., Wahl, E., Ammann, C., Testing the Fidelity of Methods Used in Proxy- 
based Reconstructions of Past Climate, Journal of Climate, in press, 2005. 

• Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, M.K., Jones, P.D., 
Proxy-based Northern Hemisphere Surface Temperature Reconstructions: Sensitivity to 
Methodology, Predictor Network, Target Season and Target Domain, Journal of Climate, in press, 
2005 

• Cook, B.I., Smith, T.M., Mann, M.E., The North Atlantic Oscillation and Regional Phenology 
Prediction over Europe, Global Change Biology, 11, 919-926, 2005. 

• Frauenfeld, O.W., Davis, R.E., Mann, M.E., A Distinctly Interdecadal Signal of Pacific Ocean- 
Atmosphere Interaction, Journal of Climate, 18, 1709-1718, 2005. 

• Mann, M.E., Cane, M.A., Zebiak, S.E., Clement, A., Volcanic and Solar Forcing of the Tropical 
Pacific Over the Past 1000 Years, Journal of Climate, 18, 447-456, 2005. 

• D’Arrifio R.D., Cook, E.R., Wilson, R.J., Allan, R., Mann, M.E., On the Variability of ENSO Over 
the Past Six Centuries, Geophysical Research Letters, 32, L0371 1, doi: 10. 1029/2004GL022055, 

• Zhang, Z., Mann, M.E„ Coupled Patterns of Spatiotemporal Variability in Northern Hemisphere Sea 
Level Pressure and Conterminous U.S. Drought, Journal of Geophysical Research, 1 10, D03108, doi: 
10. 1029/2004JD004896, 2005. 

• Schmidt, G.A., Shindell, D.T., Miller, R.L., Mann, M.E., Rind, D., General Circulation Modeling of 
Holocene climate variability. Quaternary Science Reviews, 23, 2167-2181, 2004. 

• Cook, B.I., Mann, M.E., D'Odorico, P., Smith, T.M., Statistical Simulation of the Influence of the 
NAo’on European Winter Surface Temperatures: Applications to Phonological Modeling, Journal of 
Geophysical Research, 109, D16106, doi: 10.1 029/2003 JD004305, 2004. 

• Zhang, Z., Mann, M.E., Cook, E.R., Alternative Methods of Proxy-Based Climate Field 
Reconstruction: Application to the Reconstruction of Summer Drought Over the Conterminous 
United States back to 1700 From Drought- Sensitive Tree Ring Data, Holocene, 14, 502-516, 2004. 

• Andronova, N.G., Schlesinger, M.E., Mann, M.E., Are Reconstructed Pre-Instrumental Hemisphenc 
Temperatures Consistent With Instrumental Hemispheric Temperatures?, Geophysical Research 
Letters, 31, L12202, doi: 10.1029/2004GL019658, 2004. 

• Jones, P.D., Mann, M.E., Climate Over Past Millennia, Reviews of Geophysics, 42, RG2002, 
doi. l0.1029/2003RG000143, 2004. 

• Mann, M.E., On Smoothing Potentially Non-Stationary Climate Time Series, Geophysical Research 
Letters, 31, L07214, doi: 10.1029/2004GL019569, 2004. 

• Schmidt, G. A., Mann, M.E., Reply to comment on ‘ ‘Ground vs. surface air temperature trends: 
Implications for borehole surface temperature reconstructions”by D. Chapman et al.. Geophysical 
Research Letters, 31, L07206, doi: 10.1029/2003GL01 19144, 2004. 
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. L'Heureux, M.L., Mann, M.E., Cook B.I., Gleason, B.E., Vose, R.S., Atmospheric Circulation 
Influences on Seasonal Precipitation Patterns in Alaska during the latter 20‘ Century, Journal of 
Geophysical Research, 109, D06106, doi: 10.1 029/2003 JD003845, 2004. 

• Shindell, D.T., Schmidt, G.A., Mann, M.E., Faluvegi, G., Dynamic winter climate response to large 
tropical volcanic eruptions since 1600, Journal of Geophysical Research, 109, D05104, doi. 
10.1029/2003JD004151, 2004. 

• Adams J.B., Mann, M.E., D'Hondt, S., The Cretaceous-Tertiary Extinction: Modeling Carbon Flux 
and Ecological RQsponsQ, Paleoceanography, 19, PA 1002, doi: 10.1029/2002PA000849, 2004. 

• Adams, J.B., Mann, M.E., Ammann, C.M., Proxy evidence for an El Nino-like Response to Volcanic 
Forcing, Nature, 426, 274-278, 2003. 

• Shindell, D.T., Schmidt, G.A., Miller, R., Mann, M.E., Volcanic and Solar forcing of Climate 
Change During the Pre-Industrial era. Journal of Climate, 16, 4094-4107, 2003. 

• Mann, M.E., Jones, P.D., Global Surface Temperatures over the Past two Millennia, Geophysical 
Research Letters, 30 (15), 1820, doi: 10.1029/2003GL017814, 2003. 

• Mann, M.E., Schmidt, G.A., Ground vs. Surface Air Temperature Trends: Implications for Borehole 
Surface Temperature Reconstructions, Geophysical Research Letters, 30 (12), 1607, doi: 
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Millennial-scale periodicities in North Iceland shelf sediments over the last 12,000 cal yrs: long-term 
North Atlantic oceanographic variability and Solar Forcing, Earth and Planetary Science Letters, 
210, 453-465,2003. 

• D’Arrigo, R.D., Cook, E.R., Mann, M.E., Jacoby, G.C., Tree-ring reconstrucflons of temperature and 
sea level pressure variability associated with the warm-season Arctic Oscillation since AD 1650, 
Geophysical Research Letters, {W), 1549, doi: 10.1029/2003GL017250, 2003. 

• Covey, C., AchutaRao, K.M., Cubasch, U., Jones, P.D., Lambert, S.J., Mann, M.E., Philips, T.J., 
Taylor, K.E., An Overview of Results from the Coupled Model Intercomparison Project (CMIP), 
Global and Planetary Change, 37, 103-133, 2003. 

• Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keimig, F.T., Optimal Surface 
Temperature Reconstructions Using Terrestrial Borehole Data, Journal of Geophysical Research. 108 
(D7), 4203, doi: 10.1 029/2002 JD002532, 2003. 

• Braganza, K., Karoly, D., Hirst, T., Mann, M.E., Stott, P., Stouffer, R.J., Tett, S., Indices of Global 
Climate Variability and Change: Part I - Variability and Correlation Structure, Climate Dynamics, 20, 
491-502, 2003. 

• Gerber, S., Joos, F., Bruegger, P.P., Stocker, T.F., Mann, M.E., Sitch, S., Constraining Temperature 
Variations over the last Millennium by Comparing Simulated and Observed Atmospheric C02, 
Climate Dynamics, 20, 281-299, 2003. 

• Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate Field Reconstruction Under 
Stationary and Nonstationary Forcing, Journal of Climate, 16, 462-479, 2003. 

• Druckenbrod, D., Mann, M.E., Stable, D.W., Cleaveland, M.K., Therrell, M.D., Shuprt, H.H., Late 
18*'’ Century Precipitation Reconstructions from James Madison’s Montpelier Plantation, Bulletin of 
the American Meteorological Society, 84, 57-71, 2003. 

• Ribera, P., Mann, M.E., ENSO related variability in the Southern Hemisphere, 1948-2000, 
Geophysical Research Letters, 30 (1), 1006, doi: 10.1029/2002GL015818, 2003. 

• Ghil, M., Allen, M.R., Dettinger, M.D., Ide, K., Kondrashov, D., Mann, M.E., Robertson, A.W 
Tian, Y.,' Varadi, F., Yiou, P., Advanced Spectral Methods for Climatic Time Series, Reviews of 
Geophysics, 40 (1), 1003, doi: 10.1029/2000RG000092, 2002. 

• Mann, M.E., Large-scale climate variability and connections with the Middle East in past centuries. 
Climatic Change, 55,287-314,2002. 

• Cook, E.R., D'Arrigo, R.D., Mann, M.E., A Well-Verified, Multi-Proxy Reconstruction of the 
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Leweri 29(10), 1501, doi: 10.1029/2001GL014554, 2002. ^ , 
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Millennium: Inferences, Uncertainties, and Limitations, Geophysical Research Letters, 26, 759-762, 
1999 

Mann, M.E., Bradley, R.S., and Hughes, M.K., Global-Scale Temperature Patterns and Climate 
Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998. 
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Lall, U., Mann, M.E., The Great Salt Lake: A Barometer of Low-Frequency Climatic Variability, 

Water Resources Research. , • u • * * 1 , 

Mann, M.E., Lall, U., Saltzman, B., Decadal-to-century scale climate variability: Insights into the 
Rise and Fall of the Great Salt Lake, Geophysical Research Letters, 22, 937-940, 1995. 

Marshall, S., Mann, M.E., Oglesby, R., Saltzman, B., A comparison of the 
for pre-industrial and present-day C02 levels. Global and Planetary Change, 10, 163-180, 1995. 
Mann M.E., Park, J., Global scale modes of surface temperature variability on mterannual to century 
time scales, Journal of Geophysical Research, 99, 258 1 9-25833, 1 994. 

Mann, M.E., Park, J., Spatial correlations of interdecadal variation in global surface temperatures. 

Geophysical Research Letters, 2Q,\0S5-\Q5^,\993>. - ^ oi - xyf t>u 

Ceder G. Asta M., Carter, W.C.,Kraitchman,M.,de Fontaine, D., Mann, M.E., Sluiter, M., Phase 
diagram and low-temperature behavior of oxygen ordering in YBa2Cu302, Physical Review B.A\, 

13 1990. 

de Fontaine, D., Mann, M.E., Ceder, G., States of Partial Order in YBa2Cu30z, Physical Review 

Letters,e'i,\2,m9. . ^ ^ i c- i .f 

Burmester, C.P., Mann, M.E., Ceder, G., Wille, L.T., de Fontaine, D., Monte Carlo Simulation of 

Oxygen Ordering in YBa2Cu30z, C, 162, 1989. , o- i ■ 

Mann, M.E., Marshall, C.H., Haymet, A.D.J., Nematic Liquid Crystals: a Monte Carlo Simulation 
Study In Higher Dimensions, Molecular Physics, 66, 493, 1989. 


Other Reviewed Contributions 

• Luterbacher, J., et al,. Mediterranean Climate Variability over the Last Centuries: A Review, in 
The Mediterranean Climate: an overview of the main characteristics and issues, P. Lionello, . 
Malanotte-Rizzoli, and R. Boscolo (eds), Elsevier, in press, 2005. 

. Mann, M.E., Climate Variability and Change, Last 1000 years. Encyclopedia of 
Paleoclimatology and Ancient Environments, in press, 2005. 

. Jacob D.J, Avissar, R., Bond, G.C., Gaffin, S.,. Kiehl, J.T., Lean, J.L., Lohmann U., Mann, 

M.E., Pielke, R.A., Ramanathan, V., Russell, L.M., Radiative Forcing of Climate Change: 
Expanding the Concept and Addressing Uncertainties, National Research Council, Board on 
Atmospheric Sciences and Climate, 2005. 

• Mann, M.E., Bradley, R.S., and Hughes, M.K., Corrigendum: Global-Scale Temperature Patterns 
and Climate Forcing Over the Past Six Centuries, Nature, 430, 105, 2004. 

• Rutherford, S., Mann, M.E,, Correction to "Optimal surface temperature reconstructions using 

terrestrial borehole data". Journal of Geophysical Research. 109 (D1 1), 107, doi: 
10.1029/2003JD004290,2004. . 

. Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K Jones, 
P.D., Oppenheimer, M., Osborn, T.J., Overpeck, J. T., Rutherford, S., Trenberth, K.E., Wigley, 
T.M.L., Response to Comment on "On Past Temperatures and Anomalous Late 20th Century 

Warmth", 84, 473, 2003. /i'>n 

. Mann, M.E., Paleoclimate, Global Change, and the Future (book review), Eos, 84, 419-420, 

• Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, 
P.D., Oppenheimer, M., Osborn, T.J., Overpeck, J. T., Rutherford, S., Trenberth, K.E., Wigley, 
T.M.L., On Past Temperatures and Anomalous Late 20th Century Warmth, Eos, 84, 256-258, 
2003 

• Mann, M.E., Reconstructing Temperature Variations, in Yearbook of Science & Technology, 
McGraw-Hill, New York, pp. 354-358, 2003. 
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. Mann, M.E., The Value of Multiple Proxies (invited 'perspective' article). Science, 297, 1481- 

. M^nn^M^., Hughes, M.K., Tree-Ring Chronologies and Climate Variability, Science, 296, 848, 

2002. 

• Bradley, R.S., Briffa, K..R., Crowley, T.J., Hughes, M.K., Jones, P.D, Mann, M.E., Scope of 
Medieval Wanning, Science, 292, 201 1-2012, 2001 . 

. Mann, M.E., Bradley, R.S., Briffa, K., Cole, J., Hughes, M.K., Jones, J.M., Overpeck J T., von 
Storch, H., Wanner, H., Weber, S.L., Widmaim, M., Reconstructing the Climate of the Late 

Holocene, 82, 553, 2001. , r, / j x ? j- 

• Mann, M.E., Medieval Climatic Optimum, MacCracken, M.C. & Perry, J.S. (eds) Encyclopedia 
of Global Environmental Change, John Wiley and Sons Ltd, London, UK, pp. 514-516, 2001. 

• Mann, M.E., Little Ice Age, MacCracken, M.C. & Perry, J.S. (eds) Encyclopedia of Global 
Environmental Change. John Wiley and Sons Ltd, London, UK, pp. 504-.509, 2001 . 

. Folland C K., Karl, T.R., Christy, J.R., Clarke, R. A., Gruza, G.V., Jouzel, J., Mann, M.E., 
Oerlemans, J., Salinger, M.J., Wang, S.-W., Observed Climate Variability and Change, m 
Climate Change 2001: The Scientific Basis. Houghton, J.T., et al. (eds.), Cambndge Univ. Press, 

Cambridge, 99-181, 2001. , * u • f 

. Bradley R.S., Hughes, M.K. and Mann, M.E., Comments on "Detection and Attribution ot 
Recent Climate Change: A Status Report", Bulletin of the American Meteorological Society, 81, 

2987-2990,2000. . ^ _ . 

• Mann, M.E., Bradley, R.S., Hughes, M.K., Long-term vanability m the El Nino Southern 
Oscillation and associated teleconnections, Diaz, H.F. & Markgraf, V. (eds) El Nino and the 
Southern Oscillation: Multiscale Variability and its Impacts on Natural Ecosystems and Society, 
Cambridge University Press, Cambridge, UK, 357-412, 2000. 

• Mann, M.E., Lessons For a New Millennium (invited 'perspective' article). Science, 289, 253- 

254, 2000. 

. Mann, M.E., Bradley, R.S., Hughes, M.K. and Jones, P.D., Global Temperature Patterns, 

Science, 2S0, 2029-2030, 199S. ^ 

• Beniston, M., Pielke, R.A., Arpe, K., Keuler, K., Laprise, R., Mann, M.E., Rmke, A., Parker, 
D.E., Climate Modelers Meet in Switzerland, Eos, 78, 383, 1997. 

Non-reviewed Contributions 

• Mann, M.E., Paleoclimate Implications for Recent Human Influence on Climate, International 
Seminar on Nuclear War and Planetary Emergencies, Nuclear Strategy and Peace Technology, The 
Science and Culture Series, edited by A. Zichichi, R. Ragaini, pp. 86-91, 2003. 

. Mann, M.E., Bradley, R.S., Hughes, M.K., Large-Scale Surface Temperature Changes Dunng the 
Past Millennium, Abstracts ofAMQUA annual meeting,, Fayetteville, Arkansas, May 22-24, pp 17- 
12 2000 

. Jones, P.D., Briffa, K.R., Osborn, T.J., Mann, M.E., Bradley, R.S., Hughes, M.K., Cover Figure for 
World Meteorological Organization (WMO) 50th Year Anniversary Publication; Temperature 
changes over the last Millennium, 2000. 

. M K Hughes, Mann, M.E., Bradley, R.S., 1000 years of Northern Hemisphere temperature from 
natural archives. Abstracts of PAGES Workshop on South Asian Paleoenvironments, Pune. Indta, 
February 4-5, pp 11-15, 2000. 

• M K Hughes, Mann, M.E., Bradley, R.S., Climate variability of the last 1 000 years from annual- 
resolution natural archives. Proceedings ofCCV99, International Conference on Climate Change and 
Variability, Tokyo Metropolitan University, September 1999. 
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• Mann M E. Bradley, R.S., Global Climate Variations over the Past 250 Years; Relationships With 
the Middle East, Transformations of Middle Eastern Natural Environments: Legacies and Lessons, 
Yale School of Forestry and Environmental Studies Bulletin Series, 103, 429-443, 1998. 

• Mann,M.E., On Reconstructing Past Centuries' Temperatures, World Climate Report, 3, 26, 6-1, 


• Mann, M.E., A Study of Ocean-Atmosphere Interaction and Low Frequency Variability of the 
Climate System, PhD Thesis, 283pp, Yale University, New Haven, CT, 1998. 

• Mann M.E., Bradley, R.S., Hughes, M.K., Multiproxy based reconstructions of large-scale surface 
temperature patterns during the past several centuries. Proceedings of the Ninth Symposium on Global 

Change Studies, Vhoemx,AZ,Jama.Tyl99S. ... 

• Raiagopalan B., Mann, M.E„ Lall,U., Climatic forecasting based on multivanate frequency and time 
domL-based prediction, Proceedings of the Eighth Symposium on Global Change Studies, Long 

Beach, CA, February 1997. • o ^ u- u 

• Mann, M.E., Bradley, R.S., Hughes, M.K., Large-Scale Climatic Recontructions Based on High- 
Resolution Multi-Proxy Data, Proceedings of the Eighth symposium on Global Change Studies, 


LongBeach,CA, February 1997. . 

Mann M.E. Rajagopalan, B., Moon, Y.I., Lall, U., Climatic forecasting based on multivanate 
frequency and time domain-based predictions, Proceedings of the 13th Conference on Probability & 
Statistics in the Atmospheric Sciences, American Meteorological Society, San Francisco, CA, 
February 1996. 

Moon Y I Lall U Rajagopalan, B., Mann, M.E., Forecasting hydroclimatic variables using a 

nonp^metric, nonlinear time series model, Proceedings of the 13th Conference on Probability <£ 
Statistics in the Atmospheric Sciences, American Meteorological Society, San Francisco, CA, 

February 1996. i j 

Marshall S., Mann, M.E., Oglesby, R.J., Saltzman, B., A companson of the CCMl -simulated 
climates for pre-industrial and present-day C02 levels, Proceedings of the 6th Conference on Climate 
Variations, American Meteorological Society, 12-15, Nashville, TN, January 1994. 

Mann, M.E., Park, J., Globally correlated variability in surface temperatures. Proceedings of the 6th 
Conference on Climate Variations, American Meteorological Society, 297-301, Nashville, TN, 
January 1994. 


Invited Lectures & Workshops 

• Invited presentation. Symposium on Energy for the 21st Century. "Climate Change and Global 
Wanning", Amherst, MA, Apr 9, 2005. 

• Invited lecture. Blue Ridge Community College, Harrisonburg, VA, Apr 5, 2005. 

• Invited lecture, Pennsylvania State University, Dept, of Geosciences, State College, PA, Mar 29, 

2005 

. Invited lecture. Spring meeting of the American Statistical Association, Philadelphia Chapter 
(ASAP), Philadelphia, PA, Mar 24, 2005. txt 

• Invited lecture, Purdue University, Dept, of Earth & Atmospheric Sciences, West Lafayette, IN, Mar 

3, 2005. 

• Invited presentation. Symposium on Whole Earth Systems (honoring Stephen Schneider). Climate 
over the Past Millennium Or So", Palo Alto, CA, Feb 10, 2005. 

• Invited presentation, Meeting on Decadal Variability in the Sun and Climate, Solar Radiation and 
Climate Experiment (SORCE) annual meeting, Oct 28, 2004. 

• Invited presentation. Workshop on Historical Reconstruction of Climate Variability in Mediterranean 
Regions, Bologna, Italy, Oct 6, 2004. 

• Invited lecture. University of Arizona, Atmospheric Sciences Department, Tucson, AZ, Jul 1, 2004. 
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Invited presentation. First International CLIVAR Science Con/erence: '’Comparisons of Observed 
Paleoclimate and Model-Based Studies of Climate Changes Over the Past Two Millennia (co-author. 

K. Briffa), Baltimore, MD, Jun 23, 2004. ^ ^ ^ ooaa 

Invited lecture, Ohio State University, Geology Department, Columbus, OH, May 6, 2004. 

Invited lecture, Ohio State University, Physics Department, Columbus, OH, May 4, 2004. 

Invited presentation, ECU Spring meeting: “Volcanic and Solar Forcing of El Nmo O^^r Ae Past 
1000 Years’' (co-authors: M.A. Cane, S. E. Zebiak, A. Clement), Nice, France, Apr 27, 2004. 

Invited lecture. University of North Carolina, Carolina Environmental Program (CEP), Chapel Hill, 

Invited presentation. Meeting on Tree Rings and Climate, Tucson, AZ, Apr 6, 2004. 

Invited presentation, McLean, V 

Invited lecture, Pennsylvania State University, Dept, of Meteorology, State College, PA, Mar 4, 200 . 
Invited presentation, NASA/'CLIVAR/IPRC workshop on Decadal Climate Variabuity, Kona, Hawaii, 

Ltited presentation (co-authors B. Adams, C. Ammann, R. Miller, S. Rutherford, G. Schmidt D- 
Shindell), AGU Fall meeting: “Spatially- and seasonally-specific responses to forcing as detected in 

paleoclimatereconstructionsofpastcenturies”, San Francisco, CA, Dec 12, 2003. 

Invited presentation, 30th session of the International Seminars on Planetary Emergencies, World 
Federation of Scientists, Erice, Italy, Aug 20, 2003. 

Invited presentation, AGU/EGS Joint Spring meeting: “Ground vs. Surface Temperature Trends; 
Implications for Borehole Surface Temperature Reconstructions” (co-author: G. Schmidt), Nice, 

France, Apr 10, 2003. j t i a 

'Vetlesen' distinguished lecturer. Graduate School of Oceanography, University of Rhode Island, 
Narragansett, Rhode Island, Mar 5, 2003. 

Invited presentation (co-authors G. Schmidt, D. Shindell), AGU Fall meeting- Climate Changes 
during the Past Millennium", San Francisco, CA, Dec 8, 2002. 

Invited lecture. Geophysical Fluid Dynamics Laboratory, Princeton, NJ, Oct, 17, 2002. 

Invited lecture, Goddard Institute for Space Studies, New York, NY, Oct 10, 2002 

Invited presentation. Chapman conference on Volcanism and the Earth's Atmosphere, Santorini 

Greece, Jun 20, 2002. 

Invited lecture. University of Copenhagen, Copenhagen, Denmark, Jun 1 1, 20Ui. 

Invited presentation, EGS Spring meeting: “Climate Change and Forcing over the Past 500 years 
(co-authors: S. Rutherford, R. Bradley, M. Hughes), Nice, France, Apr 23, 2002. 

Invited participant, Waxter Environmental Forum, Sweet Briar College, Mar 14, 2002. 

Invited lecture. College of Marine Science, University of South Florida, Mar 8, 2002. 

Invited lecture. Center for Coastal Physical Oceanography (CCPO), Old Dominion University, Feb 
18,2002. 

Invited lecture, INSTAAR, University of Colorado, Jan 28, 2002. 

Invited lecture. Department of Geological Sciences, University of Colorado, Jan 25, 2002. 

Invited lecture. Department of Geology, University of North Carolina, Jan 1 8, 2002. 

Invited presentation, AGU Fall meeting: “Climate Reconstruction using Pseudoproxies", San 
Francisco, CA, December 11, 2001. 

Invited lecture. Department of Earth & Ocean Sciences, Duke University, Nov 29, 2001. 

Session introduction, Invited session on "Climate Change Detection/Attribution", National 
Academy of Sciences Frontiers of Science annual symposium, Irvine, California, Nov 9, 2001. 
Invited lecture, Richard Foster Flint Symposium Honoring the Memory of Barry Saltzman, Nov 3, 

Invited lecture, DCESS, University of Copenhagen, Copenhagen, Denmark, Aug 13, 2001 . 
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Invited presentation. Global Change Open Science Conference'. “Variability in Emno and the 
Global ENSO Phenomenon in Past Centuries”, Amsterdam, Netherlands, Jul 1 1, 2001. 

Invited lecture, Courant Institute, New York University, New York, NY, Apr 4, 2001. 

Invited presentation, EGS Spring meeting-. “Comparison of Large-Scale Proxy-Based Temperature 
Reconsttuctions over the Past Few Centuries” (co-authors; S. Rutherford, T. Osborn), Nice, France, 

March 29, 2001. ,, . .... ,. 

Invited lecture, Turner Lecture Series, Department of Geological Sciences, University of Michigan, 
Ann Arbor, MI, Mar 16, 2001. 

Invited presentation, NASA/CLIVAMPRC workshop on Decadal Climate Variabtlity, Honolulu, 

Hawaii, Jan 8, 2001. . /-xi. * +• » 

Invited presentation, AGO Fall meeting;. “Use of Proxy Climate Data in Climate Change Detection , 

San Francisco, CA, Dec 16, 2000. ^ i r- r\ ^ a 

Invited presentation, CLIVAR Decadal Climate Predictability Workshop, La Jolla, California, Oct 4, 

Invhed presentation, 5th EPA NHEERL symposium on Indicators in Health and Ecological Risk 
Assessment, Jun 7, 2000. 

Invited presentation, AMQUA annual meeting, Fayetteville Arkansas, May 22, 2000. 

Invited presentation, EGS Spring meeting: “Seasonal Proxy-Reconstructed Surface Temperature 

Patterns in Past Centuries”, Nice, France, Apr 22, 2000 

Invited public lecture, Smithsonian Environmental Research Center (SERC), Edgewater Maryland, 

Mar 15, 2000. ^ ^ 

Invited participant and speaker, workshop on El Nino: Past Present and Future, Seabrook Island 

South Carolina, Feb 28-Mar 2, 2000. 

Invited guest introductions, US Global Change Research Program Seminar Series, Dirksen Senate 
Office Building, Capitol Hill, Washington DC, Nov 23, 1999. 

Invited participant and speaker, PAGES/CLIVAR workshop on Climate of the Last Millennium, 

Venice Italy, Nov 8-12, 1999 

Invited lecture, Geophysical Fluid Dynamics Laboratory, Princeton, NJ, Oct, 21, 1999. 

Invited lecture, NASA Goddard Institute for Space Studies, New York, NY, Oct 1 5, 1999. 

Invited lecture, Colloquium on Regional Modeling and Detection, International Center for 
Theoretical Physics (ICTP), Trieste, Italy, Jun 9, 1999. . , ^ 

Invited presentation, US Global Change Research Program Seminar Series, Dirksen Senate Ottice 
Building, Capitol Hill, Washington DC, May 17, 1999. 

Invited lecture, Physical Oceanography Seminar Series, Woods Hole Oceanographic Institute, Woods 

Hole, MA, Mar 2, 1999. 

Invited lecture, Department of Environmental Sciences, University of Virginia, Charlottesville, VA, 

Feb 18, 1999. . ^ „ 

Invited lecture. School of Marine and Atmospheric Science, University of Miami, Coral Gables, FL, 

Nov 13, 1998. , * u . x>rA 

Invited lecture. Department of Mathematics & Statistics, University of Massachusetts, Amherst, MA, 

Nov 2, 1998. . . TfA c oo 

Invited presentation, NASA workshop on Decadal Climate Variability, Williamsburg, VA, Sep 22- 

25 1998 

Incited presentation, US Global Change Research Program Seminar Series, Dirksen Senate Office 
Building, Capitol Hill, Washington DC, Jul 20, 1998 

invited presentation, AGU Spring meeting: “Low-frequency Variations in Midw'estem U.S 
Precipitation: Diagnosing ENSO and Anthropogenic effects”, Boston, MA, May 1998 
Invited lecture, NOAA-CDC/ERL/CIRES, Boulder, Colorado, May 13, 1998 
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Invited lecture, Graduate School of Oceanography, University of Rhode Island, Narragansett, Rhode 

lt“fd bcwe, OcLnogiaphy Department, Texas A&M university. College Station, Texas, Dec 4, 

Sed lecture, Geology Department, West Virginia University, Morgantown, West Virgima, Nov 14, 

Sed talk, conference on Transformatiom of Middle Eastern Natural Environmenis: Legacies and 
Lessons, Council on Middle East Studies, Yale Center for International and Area Studies, Yale 

University, New Haven, Oct 30-Nov 1, 1997 ^ ,, ttv 

Invited lecture, Hadley Centre of the United Kingdom Meteorological office, Bracknell, UK, Oct 14, 
1997 

Invited presentation. The Cross-Validation of Proxy Climate Dam and the 

Institute for the Study of Atmosphere and Ocean, Umversity of Washington, Seattle, Jun 23-25, 1997 
Invited lecture. Geophysical Fluid Dynamics Laboratory, Princeton University, Pnnceton, New 

Invited lecture, Department of Atmospheric Sciences, University of California Los Angeles, Feb 14, 
1997 T? 

Invited presentation, SST reconstruction from Proxy data and Optimal Network Design Strategy For 
Corals and other Annual Records from Tropical Systems (ARTS) , Lamont Doherty Earth 

Observatory, Columbia University, Jan 15-16, 1997 

Invited lecture, Lamont Doherty Earth Observatory, Columbia Umversity, Dec 4, 1996 
Invited lecture. Department of Physics, University of Bern, Bern Switzerland, Oct 26, 1996 
Invited presentation. Links between Variations in Solar Activity. Atmospheric ConducUvity. and 
Clouds: An Informal Workshop, Los Alamos National Laboratory, Los Alamos, New Mexico, Jun 20 
21 1996 

Invited participant, Application of Statistics to Modeling the Earth's Climate System, National Center 
for Atmospheric Research, Boulder, Colorado. Jul 6-19, 1994 

Invited lecture. United States Geological Survey, USGS Global Change seminar series. Reston 

Itavfted lecture, Geology Dept., Brown University, Providence, Rhode Island, Mar 10, 199:> 

Invited lecture. Dept, of Chemistry, University of Utah, Jul 14, 1989 


Abstracts and Talks 

. Goosse H., Renssen, H., Timmermami, A., Bradley, R., Mann, M., Using paleoclimate proxy-data 
to select an optimal realisation in an ensemble of simulations of the climate of the past millennium, 

EGU Spring meeting, Vienna, Austria, April 2005. (solicited) 

. Graham, N., Ammann, C., Tomas, R., Hoerling, M., Xu, T., Hughes, M Mann, M-, Understanding 
late Holocene cUmate transitions in the Pacific: Results from proxy-guided AGCM expenments, EGU 
Spring meeting, Vienna, Austria, April 2005. (solicited) i * ■ 

• Cook E • Herweijer C.; Seager, R.; Mann, M., Long-term drought variability over North Amenca 
and its connection to global and tropical Pacific SST forcing, EGU Spring meeting, Vienna, Austna, 

• E^le-Geay, J., Cane, M., Mann, M., Bond, G., Radiative forcing of El Nino-Southem Oscillation 
over the Holocene: a model perspective, EGU Spring meeting, Vienna, Austna, Apnl 2005. 

• Cook, E., Cane, M., Seager, R., Mann, M., Tropical Pacific Links to Long-Term Aridity Changes m 
the Western United States, Chapman conference on Tropical-Extratropical Teleconnections, 
Honolulu, HA, February 2005. (solicited) 
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• M. Cane, Emile-Geay, J., Seager, R., Clement, A. Mann, M., Solar Influence on ENSO and the 
Tropics?, AGU Fall meeting, San Francisco, CA, December, 2004. (solicited) 

• Cook, B.’l, Smith, T.M., Mann, M.E., The North Atlantic Oscillation and Regional Phenology 
Prediction Over Europe, AGU Fall meeting, San Francisco, CA, December, 2004. 

• Steig E J Schneider, D.P., Mann, M.E., Rutherford, S.J., van Ommen, T., Winebrenner, D.P., 
Antarctic Temperatures since 1856, Western Antarctic Ice Shelf meeting, September 2004. 

• Cronin T M Willard, D.A., Thunell, Dwyer, G.S., Mann, M.E., Seanger, C., Climate Variability 
from Estuarine Sediments: A Case Study of Chesapeake Bay, First International CLIVAR Science 

Conference, June 2004. . i. tt • u 

• Jones P D Mann, M.E., "Comparisons of millennial reconstructions of Northern Hemisphere (MHJ 
temperatures from proxy data with coupled-GCM integrations" , EGU Spring meeting, Nice, France, 

April 2004. • rx r. * 

• Luterbacher J Xoplaki, E, Fischer, E., Pauling, A., Gonzalez-Rouco, F.J., Garcia Herrera’ R., Guiot, 
J., Zorita, E.’, Jacobeit, J., Mariofti, A., Rimbu, N., Felis, T., Rodrigo’ F., Barriendos, M., Mann, 

M.E., Touchan, R., Past mediterranean climate variability - present knowledge and Scientific 
Challenges For Future Research, EGU Spring meeting, Nice, France, April 2004. 

• Saenger, C.P., Cronin, T.M., Thunell, R. Vann, C., Dwyer, G., Seal, R. II, Mann, M.E., Eastern U.S. 
Holocene Climate Variability from Chesapeake Bay Sediments, Geological Society of America 
Annual Northeastern Section meeting, March 2004. 

• Hughes, M.K., Ni, F., Mann, M.E., Park, J., Global Multidecadal to Century-Scale Climate 
Oscillations During the Last 1000 Years, AGU Fall meeting, San Francisco, CA, December, 2003. 

• Shindell, D.T, Schmidt, G.A., Mann, M.E., Miller, R.L., Northern Hemisphere Regional Climate 
Change during the Last Millennium, AGU Fall meeting, San Francisco, CA, December, 2003. 

• Schmidt, G.A., Shindell, D.T., Miller, R.L., and Mann, M,E., External forcing of climate change 
during the Holocene, Hafslo, Norway, August 2003. 

• Mann, M.E., Rutherford, S., Jones, P.D., Schmidt, G.A., Shindell, D., Climate changes during the 
past millennium, lUGG Meeting, Sapporo, Japan, July, 2003. 

• Knight, R.G., Folland, C.K., Vellinga, M., Mann, M.E., The Atlantic Multidecadal Oscillation and 
the Thermohaline Circulation: A Global-Scale Ocean-Atmosphere Mode Simulated m a 1400 Year 
Coupled Model Calculation, lUGG Meeting, Sapporo, Japan, July, 2003. 

• Wiberg, P., Cleary, P., Mann, M.E., Coupling wave and meteorological observations with bottom- 
boundaty-l'ayer models to investigate spatial and temporal variability in continental-shelf sediment 
transport. International Geological Congress, Florence, Italy, June, 2003. 

• Knight R G., Folland, C.K., Vellinga, M., Mann, M.E„ The Atlantic Multidecadal Oscillation and 
the Theimohaline Circulation: A Global-Scale Ocean-Atmosphere Mode Simulated in a 1400 Year 
Coupled Model Calculation, Conference of the Royal Meteorological Society, June, 2003. 

• D'Arrigo R D., Cook, E.R., Mann, M.E., Jacoby, G.C., Tree-ring Reconstructions of Arctic 
Oscillation Indices Since AD 1650, ARCUS 15th Annual Meeting And Arctic Forum, Arlington, VA, 

April 2003. i j 

• Shindell, D.T., Schmidt, G.A., Miller, R., Mann, M.E., "Volcanic and Solar Forcing of Global and 
Regional Climate During the Preindustrial Era" , AGU/EGS Joint Spring meeting, Nice, France, April 
2003. 

• Zhang, Z., Mann, M.E., Cook, E.R., A Revised Set of Dendroclimatic Reconstructions of Summer 
Drought over the Conterminous U.S., AGU Fall meeting, San Francisco, CA, December, 2002. 

. Rutherford, S., Mann, M.E., Bradley, R., Briffa, K., Hughes, M., Jones, P., Osborn, T., Proxy-Based 
Reconstruction of Siuface Temperature Variations in Past Centimes, AGU Fall meeting, San 
Francisco, CA, December, 2002. 
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Cook B 1 Mann, M.E., Smith, T., A Statistical Resampling Technique for Conditioning Simulated 
Daily’ European Surface Temperatures on the North Atlantic Oscillation Index, AGU Fall meeting, 

San Francisco, CA, December, 2002. . • u r*, 

Adams, B., Ammann, C.M., Mann, M.E., Using Paleoclimatic Reconstructions of ENSO Vanability 
During’ the’Past Few Centuries to Re-Examine the 'Volcano-ENSO' Hypothesis, AGU Fall meeting, 
San Francisco, CA, December, 2002. 

Rutherford, S., Mann, M.E., Proxy -Based Reconstructions of Surface Temperature Patterns Dunng 
the Maunder Minimum, AGU Spring meeting, Washington, DC, May 2002. 

Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D, Waple, A., Miller, R., Solar and Volcanic 
Forcing of Climate Change during the Maunder Minimum, AGU Spring meeting, Washington, DC, 

May 2002. ^ ^ a ■ 

Shindell, D., Schmidt, G., Mann, M., Rind, D., Waple, A., Long-term Solar Forcing of the Arctic 
Oscillation/North Atlantic Oscillation, AGU Fall meeting, San Francisco, CA, December, 2001. 
Druckenbrod, D.L., Mann, M.E., Stable, D.W., , Cleaveland, M.K., Therrell, M.D., Shugard, H.H., 
James Madison and a Shift in Precipitation Seasonality, AGU Fall meeting, San Francisco, CA, 
December, 2001. 

Cook E R D’Arrigo, R.D., Mann, M,E., A well-verified multiproxy reconstruction of the winter 
North Atlantic Oscillation index Since AD 1400, U.S CLIVAR Atlantic meeting, Boulder, CO, June 

14,2001 . , 1 . 1 

Brigham-Grette, J., Rittennour, T.M., Mann, M.E., Drainage history of glacial Lake Hitchcock and 
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Global-scale temperature patterns 
and climate forcing over the past 
six centuries 
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Spatially resolved global reconstructions of annual surface temperature patterns over the past six centuries are based 
on the multivariate calibration of virldely distributed high-resolutlon proxy climate Indicators. Time-dependent 
correlations of the reconstructions with time-series records representing changes in greenhouse-gas concentrations, 
solar irradiance, and volcanic aerosols suggest that each of these factors has contributed to the climate variability of 
the past 400 years, with greenhouse gases emerging as the dominant forcing during the twentieth century. Northern 
Hemisphere mean annual temperatures for three of the past eight years are warmer than any other year since (at least) 
AD 1400. 


Knowing both the spatial and temporal patterns of climate change 
over the past several centuries remains a key to assessing a possible 
anthropogenic impact on post-industrial climate'. In addition to 
the possibility of warming due to increased concentrations of 
greenhouse gases during the past century, there is evidence that 
both solar irradiance and explosive volcanism have played an 
important part in forcing climate variations over the past several 
enturies^'^. The unforced ‘natural variability’ of the climate system 
iay also be quite important on multidecadal and century 
timescales*’^. If a faithful empirical description of climate variability 
could be obtained for the past several centuries, a more confident 
estimation could be made of the roles of different external forcings 
and internal sources of variability on past and recent climate. 
Because widespread instrumental climate data are available for 
only about one century, we must use proxy climate indicators 
combined with any very long instrumental records that are available 
to obtain such an empirical description of large-scale climate 
variability during past centuries. A variety of studies have sought 
to use a ‘multiproxy’ approach to understand long-term climate 
variationsi by analysing a widely distributed set of proxy and 
instrumental climate indicators'’*”* to yield insights into long- 
term global climate variations. Building on such past studies, we 
take a new statistical approach to reconstructing global patterns of 
annual temperature back to the beginning of the fifteenth century, 
based on the calibration of multiproxy data networks by the 
dominant patterns of temperature variability in the instrumental 
record. 

Using these statistically verifiable yearly global temperature 
reconstructions, we analyse the spatiotemporal patterns of climate 
change over the past 500 years, and then take an empirical approach 
to estimating the relationship between global temperature changes, 
variations in volcanic aerosols, solar irradiance and greenhouse-gas 
concentrations during the same period. 

Data 

We use a multiproxy network consisting of widely distributed high- 
quality annual-resolution proxy climate indicators, individually 
collected and formerly analysed by many palaeoclimatc researchers 
details and references are available: see Supplementary Informa- 
lon). The network includes (Fig. la) the collection of annual- 
[ resolution dendroclimatic, ice core, ice melt, and long historical 
records used by Bradley and Jones* combined with other coral, ice 
I core, dendroclimatic, and long instrumental records. The long 


instrumental records have been formed into annual mean anoma- 
lies relative to the 1902-80 reference period, and gridded onto a 
5° X 5° grid (yielding 11 temperature grid-point series and 12 
precipitation grid-point series datingbackto 1820 or earlier) similar 
to that shown in Fig. lb. Certain densely sampled regional den- 
droclimatic data sets have been represented in the network by a 
smaller number of leading principal components (typically 3-11 
depending on the spatial extent and size of the data set). This form 
of representation ensures a reasonably homogeneous spatial sam- 
pling in the multiproxy network (112 indicators back to 1820). 

Potential limitations specific to each type of proxy data series 
must be carefully taken into account in building an appropriate 
network. Dating errors in a given record (for example, incorrectly 
assigned annual layers or rings) are particularly detrimental if 
mutual information is sought to describe climate patterns on a 
year-by-year basis. Standardization of certain biological proxy 
records relative to estimated growth trends, and the limits of 
constituent chronology segment lengths (for example, in dendro- 
climatic reconstructions), can restrict the maximum timescale of 
climate variability that is recorded’, and only a limited subset of the 
indicators in the multiproxy network may thus ‘anchor in’ the 
longest-term trends (for example, variations on timescales greater 
than 500 years). However, the dendroclimatic data used were 
carefully screened for conservative standardization and sizeable 
segment lengths. Moreover, the mutual information contained in 
a diverse and widely distributed set of independent climate indica- 
tors can more faithfully capture the consistent climate signal that is 
present, reducing the compromising effects of biases and weak- 
nesses in the individual indicators. 

Monthly instrumental land air and sea sur&ce temperature'* 
grid-point data (Fig. lb) fi-om the period 1902-95 are used to 
calibrate the proxy data set. Although there are notable spatial 
gaps, this network covers significant enough portions of the globe to 
form reliable estimates of Northern Hemisphere mean temperature, 
and certain regional indices of particular importance such as the 
‘NIN03’ eastern tropical Pacific surface temperature index often 
used to describe the El Nino phenomenon. The NIN03 index is 
constructed firom the eight grid-points available within the con- 
ventional NIN03 box (5° S to 5° N, 90-150'* W). 

MuHlpraxy calibration 

Although studies have shown that well chosen regional paleoclimate 
reconstructions can act as surprisingly representative surrogates for 
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large-scale climate"“'^ multiproxy networks seem to provide the 
/eatest opportunity for large-scale palaeoclimate reconstruction* 
and climate signal detection*’*. There is a rich tradition of multi- 
variate statistical calibration approaches to palaeoclimate recon- 
struction, particularly in the field of dendroclimatology where 
the relative strengths and weaknesses of various approaches to 
multivariate calibration have been well studied**’**. Such approaches 
have been applied to regional dendroclimatic networks to recon- 
struct regional patterns of temperature**'^ and atmospheric circula- 
tion **"“ or specific climate phenomena such as the Southern 
Oscillation^’. Largely because of the inhomogeneity of the informa- 
tion represented by different types of indicators in a true ‘multi- 
proxy’ network, we found conventional approaches {for example, 
canonical correlation analysis, CCA, of the proxy and instrumental 
data sets) to be relatively ineffective. Our approach to climate 
pattern reconstruction relates closely to statistical approaches 
which have recently been applied to the problem of filling-in 
sparse early instrumental climate fields, based on calibration of 


a 



Rgure ^ Data used in this study, a, Distribution of annual-resolution proxy 
indicators used in this study, Dendroclimatic reconstructions are indicated by 
'tree' symbols, ice core/ice melt proxies by 'star' symbols and coral records by ‘C 
symbols. Long historical records and instrumental 'grid-points’ series are shown 
by squares (temperature) or diamonds (precipitation). Groups of '+' symbols 
indicate principal components of dense tree-ring sub-networks, with the number 
of such symbols indicating the number of retained principal components. Sites 
are shown dating back to at least 1820 (red), 1800 (blue-green), 1750 (green), 1600 
(blue) and 1400 (black). Certain sites (for example, the Oueiccaya ice core) consist 
of multiple proxy indicators (for example, multiple cores, and both *’®0 isotope 
and accumulation measurements), b. Distribution of the 1,082 nearly continuous 
available land air/sea surface temperature grid-point data available from 1902 
onward, indicated by shading. The squares indicate the subset of 219 grid-points 
with nearly continuous records extending back to 1854 that are used for verifica- 
I tion. Northern Hemisphere (NH) and global (GLB) mean temperature are esti- 
mated as areally weighted (that is, cosine latitude) averages over the Northern 
I Hemisphere and global domains respectively. 


the sparse sub-networks against the more widespread patterns of 
variability that can be resolved in shorter data sets“’^*. We first 
decompose the twentieth-century instrumental data into its domi- 
nant patterns of variability, and subsequently calibrate the indivi- 
dual climate proxy indicators against the time histories of these 
distinct patterns during their mutual interval of overlap. One can 
think of the instrumental patterns as ‘training’ templates against 
which we calibrate or ‘train’ the much longer proxy data (that is, the 
‘trainee’ data) during the shorter calibration period which they 
overlap. This calibration allows us to subsequently solve an 'inverse 
problem’ whereby best estimates of surface temperature patterns are 
deduced back in time before the calibration period, from the 
multiproxy network alone. 

Implicit in our approach are at least three fundamental assump- 
tions. (1) The indicators in our multiproxy trainee network are 
linearly related to one or more of the instrumental training patterns. 
In the relatively unlikely event that a proxy indicator represents a 
truly local climate phenomenon which is uncorrelated with larger- 


EOFno.i 



Figur* 2 Empirical orthogonal functions (EOFs) for the five leading eigenvectors 
of the global temperature data from 1902 to 1980. The gridpoint areal weighting 
factor used in the PCA procedure has been removed from the EOFs so that 
relative temperature anomalies can be inferred from the patterns. 
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scale climate variations, or represents a highly nonlinear response 
to climate variations, this assumption will not be satisfied. (2) A 
relatively sparse but widely distributed sampling of long proxy and 
instrumental records may nonetheless sample most of the relatively 
small number of degrees of freedom in climate patterns at inter- 
annual and longer timescales. Regions not direcUy represented in 
the trainee network may nonetheless be indirectly represented 
through teleconnections with regions that are. The El Niho/South- 
ern Oscillation (ENSO), for example, shows global-scale patterns of 
climatic influence^'*, and is an example of a prominent pattern of 
variability which, if captured, can potentially describe variability in 
regions not directly sampled by the trainee data. (3) Patterns of 
variability captured by the multiproxy network have analogues in 
the patterns we resolve in the shorter instrumental data. This last 
assumption represents a fairly weak ‘stationarity’ requirement — we 
do not require that the climate itself be stationary. In fact, we expect 
that some sizeable trends in the climate may be resolved by our 
reconstructions. We do, however, assume that the fundamental 
spatial patterns of variation which the climate has shown during 
the past century are similar to those by which it has varied during 
past recent centuries. Studies of instrumental surface-temperature 
patterns suggest that such a form of stationarity holds up at least on 
multidecadal timescales, during the past century^^. The statistical 
cross-validation exercises we describe later provide the best evidence 
that these key underlying assumptions hold. 

We isolate the dominant patterns of the instrumental surface- 
temperature data through principal component analysis^^ (PCA). 
PCA provides a natural smoothing of the temperature field in terms 
of a small number of dominant patterns of variability or ‘empirical 
eigenvectors’. Each of these eigenvectors is associated with a char- 
acteristic spatial pattern or ‘empirical orthogonal function’ (EOF) 
and its characteristic evolution in time or ‘principal component’ 
(PC). The ranking of the eigenvectors orders the fraction of variance 
they describe in the (standardized) multivariate data during the 
calibration period. The first five of these eigenvectors describe a 
fraction ^ = 0.93 (that is, 93%) of the global-mean (GLB) tem- 
perature variations, 85% of the Northern Hemisphere-mean (NH) 
variations, 67% of the NIN03 index, and 76% of the non-trend- 
related (DETR) NH variance (see Methods for a description of the /S 
statistic used here as a measure of resolved variance). A sizeable 
fraction of the total multivariate spatiotemporal variance (MULT) 
in the raw (instrumental) data (27%) is described by these five 
eigenvectors, or about 30% of the standardized variance (no. 

1 = 12%, no. 2 = 6.5%, no. 3 = 5%, no. 4 = 4%, no. 5 = 3.5%). 
Pigune 2 shows the EOFs of the first five eigenvectors. The associated 
PCs and their reconstructed counterparts (RPCs) are discussed in 
the next section. The first eigenvector, associated with the significant 
global warming trend of the past century, describes much of the 
variability in the global (GLB = 88%) and hemispheric (NH = 
73%) means. Subsequent eigenvectors, in contrast, describe much 
of the spatial variability relative to the large-scale means (that is, 
much of the remaining MULT). The second eigenvector is the 
dominant ENSO- related component, describing 41% of the vari- 
ance in the NIN03 index. This eigenvector shows a modest negative 
trend which, in the eastern tropical Pacific, describes a ‘La Nina’ -like 
cooling trend^*, which opposes warming in the same region asso- 
ciated with the global warming pattern of the first eigenvector. The 
third eigenveaor is associated largely with interannual-to-decadal 
scale variability in the Atlantic basin and carries the well-known 
temperature signature of the North Atlantic Oscillation (NAO)^^ 
and decadal tropical Atlantic dipole“. The fourth eigenvector 
describes a primarily multidecadal timescale variation with 
ENSO'Scale and tropical/subtropical Atlantic features, while the 
fifth eigenvector is dominated by multidecadal variability in the 
entire Atlantic basin and neighbouring regions that has been widely 
noted elsewhere^’'^^ 

We calibrate each of the indicators in the multiproxy data 


network against these empirical eigenvectors at annual-mean reso- 
lution during the 1902-80 training interval. Although the season- 
ality of variability is potentially important — many extratropical 
proxy indicators, for example, reflect primarily warm-season 
variability®’^ — we seek in the present study to resolve only annual- 
mean conditions, exploiting the seasonal climate persistence, and 
the fact that the mutual information from data reflecting various 
seasonal window should provide complementary information 
regarding annual mean climate conditions*'’. Following this calibra- 
tion, we apply an overdetermined optimization procedure to 
determine the best combination of eigenvectors represented by 
the multiproxy network back in time on a year-by-year basis, with 
a spatial coverage dictated only by the spatial extent of the instru- 
mental training data. From the RPCs, Spatial patterns and all 
relevant averages or indices can be readily determined. The details 
of the entire statistical approach are described in the Methods 
section. 

The skill of the temperature reconstructions (that is, their 
statistical validity) back in time is established through a variety 
of complementary independent cross-validation or ‘verification’ 
exercises (see Methods). We summarize here the main results of 
these experiments (details of the quantitative results of the calibra- 
tion and verification procedures are available; see Supplementary 
Information). 

(1) in the reconstructions from 1820 onwards based on the full 
multiproxy network of 112 indicators, 11 eigenvectors are skilfully 
resolved (nos 1-5, 7, 9, 11, 14-16) describing —70-80% of the 
variance in NH and GLB mean series in both calibration and 
verification. (Verification is based here on the independent 1854- 
1901 data set which was withheld; see Methods.) Figure 3 shows the 
spatial patterns of calibration /3, and verification (3 and the squared 
correlation statistic r^, demonstrating highly significant reconstruc- 
tive skill over widespread regions of the reconstructed spatial 
domain. 30% of the full spatiotemporal variance in the gridded 
data set is captured in calibration, and 22% of the variance is verified 
in cross-validation. Some of the degradation in the verification 
score relative to the calibration score may reflect the decrease in 
instrumental data quality in many regions before the twentieth 
century rather than a true decrease in resolved variance. These 
scores thus compare favourably to the 40% total spatiotemporal 
variance that is described by simply filtering the raw 1902-80 
instrumental data with 1 1 eigenvectors used in calibration, suggest- 
ing that the multiproxy calibrations are describing a level of variance 
in the data reasonably close to the optimal ‘target’ value. Although a 
verification NIN03 index is not available from 1854 to 1901, 
correlation of the reconstructed NIN03 index with the available 
Southern Oscillation index (SOI) data from 1865 to 1901 of 
r = — 0.38 (H s= 0.14) compares reasonably with its target value 
given by the correlation between the actual instrumental NIN03 
and SOI index from 1902 to 1980 (r = - 0.72). Furthermore, the 
correspondence between the reconstructed NIN03 index warm 
events and historical^® El Nino chronology back to 1820 (see 
Methods) is significant at the 98% level. 

(2) The calibrations back to 1760, based on 93 indicators, 
continue to resolve at least nine eigenvectors (nos 1-5, 7, 9, 11, 
15) with no degradation of calibration or verification resolved 
variance in NH, and only slight degradation in MULT (calibration 
—27%, verification —17%). Our reconstructions are thus largely 
indistinguishable in skill back to 1760. 

(3) The network available back to 1700 of 74 indicators (includ- 
ing only two instrumental or historical indicators) skilfully resolves 
five eigenvectors (nos 1, 2, 5, 11, 15) and shows some significant 
signs of decrease in reconstructive skill. In this case, —60-70% of 
NH variance is resolved in calibration and verification, —14-18% 
of MULT in calibration, and 10-12% of MULT in verification. The 
verification r of NIN03 with the SOI is in the range of r - 0.25 to 
-0.35, which is statistically significant (as is the correspondence 
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with the historical” chronology back to 1700) but notably inferior 
0 the later calibrations. In short, both spatial patterns and large- 
scale means are skilfully resolved, but with significantly less resolved 
variance than in later calibrations. 

(4) The network of 57 indicators back to 1600 (including one 
historical record) skilfully resolves four eigenvectors (nos 1,2, 11, 
15). 67% of NH is resolved in calibration, and 53% in verification. 
14% of MULT is resolved in calibration, and 12% of MULT in 
verification. A significant, but modest, level of ENSO-scale varia- 
bility is resolved in the calibrations. 

(5) The network of 24 proxy indicators back to 1450 resolves two 
eigenvectors (nos 1, 2) and -40-50% of NH in calibration and 
verification. Only ~10% of MULT is resolved in calibration and 


CAUSRATtOK 



Hgure 3 Spatial patterns of reconstruction statistics. Top. calibration 0 (based 
on 1902-80 data): middle, verification (based on 1854-1901 data) bottom, 
verification (also based on 1854-1901 data). For the 0 statistic, values that are 
insignificant at the 99% level are shown in grey negative; but 99% significant 
values are shown in yellow, and significant positive values are shown in two 
shades of red. For the statistic, statistically insignificant values (or any grid- 
points with unphysical values of correlation r < 0) are indicated in grey. The colour 
scale indicates values significant at the 90% (yellow), 99% (light red) and 99.9% 
I (dark red) levels (these significance levels are slightly higher for the calibration 
statistics which are based on a longer period of time). A description of significance 
I level estimation is provided in the Methods section. 


—5% in verification. There is no skilful reconstruction of ENSO- 
scale variability. Thus spatial reconstructions are of marginal 
usefulness this far back, though the largest-scale quantities are 
still skilfully resolved. 

(6) The multiproxy network of 22 indicators available back to 
1400 resolves only the first eigenvector, associated with 40-50% of 
resolved variance in NH in calibration and verification. There is no 
useful resolution of spatial patterns of variability this far back. The 
sparser networks available before 1400 showfittle evidence of skill in 
reconstructing even the first eigenvector, terminating useful recon- 
struction at the initial year ad 1400. 

(7) Experiments using trainee networks containing only proxy 
(that is, no instrumental or historical) indicators establish the most 


1»-1! mUPgRATURK ANOMALY (SAW) 



S«41 TiaiPBRATt'IBE (HECOSSTROCTES) 





Figure 4 Comparison of the proxy-based spatial reconstructions of the anomaly 
panern for 1941 versus the raw data. Comparisons based on actual (top), EOF- 
filtered (middle), and proxy-reconstructed (bottom) data. Anomalies (relative to 
1902-80 climatology) are indicated by the colour scale shown in “C. 
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I truly independent cross-validation of the reconstruction as there is 
in this case neither spatial nor temporal dependence between the 
calibration and verification data sets. Such statistically significant 
verification is demonstrated at the grid-point level (calibration and 
verification resolved variance ~15% for the MULT statistic), at the 
largest scales (caUbration and verification resolved variance —60- 
65% for NH) and the NIN03-scale (90-95% statistical significance 
for all verification diagnostics). In contrast, networks containing 
only the 24 long historical or instrumental records available back 
to 1820 resolve only —30% of NH in cahbration or verification, and 
the modest multivariate calibration and verification resolved 
variance scores of MULT (-10%) are artificially inflated by the 
high degree of spatial correlation between the instrumental ‘multi- 
proxy’ predictor and instrumental predictand data. No evidence of 
skilful ENSO-scale reconstruction is evident in these latter recon- 
structions. In short, the inclusion of the proxy data in the ‘multi- 
proxy’ network is essential for the most skilful reconstructions. But 
certain sub- components of the proxy dataset (for example, the 
dendroclimatic indicators) appear to be especially important in 
resolving the large-scale temperature patterns, with notable 
decreases in the scores reported for the proxy data set if aU 
dendroclimatic indicators are withheld from the multiproxy net- 
work. On the other hand, the long-term trend in NH is relatively 
robust to the inclusion of dendroclimatic indicators in the network, 
suggesting that potential tree growth trend biases are not influential 
in the multiproxy climate reconstructions. The network of aU 
combined proxy and long instrumental/historical indicators pro- 
vide the greatest cross-validated estimates of skilful reconstruction, 
and are used in obtaining the reconstructions described below. 

Temperature reconstructions 

The reconstructions discussed here are derived using all indicators 
available, and using the optimal eigenvector subsets determined in 
the calibration experiments described above (11 from 1 780- 1 980, 9 
from 1760-1779, 8 from 1750-1759, 5 firom 1700-1749, 4 from 
1600-1699, 2 from 1450-1599, 1 fi-om 1400-1449). To better 
illustrate the workings and effectiveness of the proxy pattern 
reconstruction procedure, we show as an example (Fig. 4) the 
actual, the EOF-filtered, and the reconstructed temperature pat- 
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Figure 5 Time reconstructions (soiid lines) along with raw data (dashed lines), 
a, For principal components (RPCs) 1-5; b, for Northern Hemisphere mean 
temperature (NH) in °C. In both cases, the zero line corresponds to the 1902-80 
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terns for a year (1941 ) during the calibration interval. This year was 
a known ENSO year, associated with a warm eastern tropical Pacific 
and a cold central North Pacific. Pronounced cold anomalies were 
also found over large parts of Eurasia. The proxy-reconstructed 
pattern captures these features, although in a relatively smoothed 
sense (describing —30% of the full variance in that pattern), and is 
remarkably similar to the raw data once it has been filtered by 
retaining only the 11 eigenvectors (nos 1-5, 7, 9, 11, 14-16) used in 
pattern reconstruction. It is thus visually apparent that the multi- 
proxy network is quite capable of resolving much of die structure 
resolved by the eigenvectors retained in the calibration process. 

We consider the temporal variations in the first five RPCs (Fig. 
5a). The positive trend in RPC no. 1 during the twentieth century is 
clearly exceptional in the context of the long-term variability in the 
associated eigenvector, and indeed describes much of the unprece- 
dented warming trend evident in the NH reconstruction. The 
negative trend in RPC no. 2 during the past century is also 
anomalous in the context of the longer-term evolution of the 
associated eigenvector. The recent negative trend is associated 
with a pattern of cooling in the eastern tropica! Pacific (super- 
imposed on warming associated with the pattern of eigenvector 
no. 1) which may be a modulating negative feedback on global 
warmingr*^. RPC no. 5 shows notable multidecadal variability 
throughout both the modern and pre-calibration interval, asso- 
ciated with the wavelike trend of warming and subsequent cooling 
of the North Atlantic this century discussed earlier^’ ” and the 
longer-term multidecadal oscillations in this region detected in a 
previous analysis of proxy climate networks^ This variability may be 
associated with ocean -atmosphere processes related to the North 
Atlantic thermohaline circulation'*’^^. 

The long-term trends in the reconstructed annual mean NH 
series (Fig. 5b) are quite similar to those of decadal Northern 
Hemisphere summer temperature reconstructions*, showing pro- 
nounced cold periods during the mid-seventeenth and nineteenth 
centuries, and somewhat warmer intervals during the mid-sixteenth 
and late eighteenth centuries, with almost aU years before the 
twentieth century weU below the twentieth-century climatological 
mean. Taking into account the uncertainties in our NH recon- 
struction (see Methods), it appears that the years 1990, 1995 and 



calibration mean of the quantity. For b raw data are shown up to 1995 and positive 
and negative 2a uncertainty limits are shown by the light doned lines surrounding 
the solid reconstruction, calculated as described in the Methods section. 
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now 1997 (this value recently calculated and not shown) each show can be obtained through the NOAA palaeoclimatology Web site 
anomalies that are greater than any other year back to 1400 at 3 (http://www.ngdc.noaa.gov/paleo/paleo.html). 
standard errors, or roughly a 99.7% level of certainty. We note that 

hemispheric mean values are not associated with globally or Attribution of climate forcings 

hemispherically uniform trends. An example of the global pattern We take an empirical approach to detecting the possible effects of 

for an historically documented'' “very strong” El Nino year (1791) external forcings on the climate. The reconstructed NH series is 

is shown in Fig. 6 top panel, demonstrating the classic warm eastern taken as a diagnostic of the global climate, and we examine its 

tropical Pacific and cold central North Pacific sea surface tempera- relationship with three candidate external forcings during the 

ture patterns. Analysis of ENSO variability in these reconstructions period 1610-1995 including (1) CO 2 measurements” as a proxy 

is discussed in more detail elsewhere". We also show the recon- for total greenhouse-gas changes, (2) reconstructed solar irradiance 

structed pattern for 1816 (Fig. 6 bottom panel). Quite anomalous variations' and (3) the weighted historicardust veil index’ (DVI) of 

cold is evident throughout much of the Northern Hemisphere (even explosive volcanism (see Fig. 31.1 in ref. 40) updated with recent 

relative to this generally cold decade) but with a quadruple pattern data'' . While we warn that historical series for these forcing agents 

of warmth near Newfoundland and the Near East, and enhanced are imperfectly known or measured, they do nonetheless represent 

cold in the eastern United States and Europe consistent with the our best estimates of the time-histories of the corresponding 

anomalous atmospheric circulation associated with the NAO forcings. More detailed discussions of the estimation of, and 

pattern. Such a pattern is indeed observed in empirical" and potential sources of uncertainty or bias in, these series are 

model-based studies" of the atmospheric response to volcanic available'”''’. Industrial-aerosol forcing of the climate has also 

forcing. We infer in the 1816 temperature pattern a climatic been suggested as an important forcing of recent climate"'", but 

response to the explosive Tambora eruption of April 1815 based its physical basis is still controversial", and difficult to estimate 

on both the anomalous hemispheric coolness and the superimposed observationally. Noting that in any case, this forcing is not believed 

NAO-like pattern. Reconstructed time series RPCs nos 1-5, the NH to be important before about 1940, its omission should be incon- 

series, the NIN03 index and reconstructions for specific grid-points sequential in our long-term detection approach. Our empirical 
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Rgure 6 Reconstructed annual temperature patterns for two example years. Top, Rgure 7 Relationships of Northern Hemisphere mean (NH) temperature with 
1791; bottom. 1816. The colours indicate regions which exceeded (either positively three candidate forcings between 1610 and 1996. Panels, (top to bonom) as 
or negatively) the threshold indicated in “C. The zero baseline is defined by the follows. ‘NH', reconstructed NH temperature series from 1610-1980, updated with 
1902-80 climatological mean for each grid-point. instrumental data from 1981-95. Solar , reconstructed solar irradiance. log COz. 

greenhouse gases represented by atmospheric CO2 measurements. ‘DVr, 
weighted volcanic dust veil index. Bottom panel, evolving multivariate correlation 
of NH series with the three forcings NH, Solar, log CO2. The time axis denotes the 
centre of a 200-year moving window. One-sided (positive) 90%, 95%, 99% 
significance levels (see text) for correlations with COa and solar irradiance are 
shown by horizontal dashed lines, while the one-sided (negative) 90% 
significance threshold for correlations with the DVI series is shown by the 
horizontal doned line. The grey bars indicate two difference 200-year windows of 
data, with the long-dashed vertical lines indicating the centre of the correspond- 
ing window. 
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I signal detection is complementary to that of model-based “finger- 
print” signal detection studies^^'^^'^^; while our empirical approach 
relies on the faithfulness of the reconstructed forcing series and on 
the assumption of a linear and contemporaneous response to 
forcings, it does not suffer the potential weaknesses of incomplete 
representations of internal feedback processes^, poorly constrained 
parametrizations of climatic responses*^, and underestimated 
natural variability' in model-based studies. To the extent that the 
response to forcing is not contemporaneous, but rather is delayed 
owing to the inertia of the slow-response components of the climate 
system (for example, the ocean and cryosphere), our detection 
approach will tend to underestimate the response to forcings, 
making the approach a relatively conservative one. 

We estimate the response of the climate to the three forcings 
based on an evolving multivariate regression method (Fig. 7). This 
time-dependent correlation approach generalizes on previous stu- 
dies of (fixed) correlations between long-term Northern Hemi- 
sphere temperature records and possible forcing agents^'^ 
Normalized regression (that is, correlation) coefficients r are simul- 
taneously estimated between each of the three forcing scries and the 
NH series from 1610 to 1995 in a 200-year moving window. The first 
calculated value centred at 1710 is based on data from 1610 to 1809, 
and the last value, centred at 1895, is based on data from 1796 to 
1995 — that is, the most recent 200 years. A window width of 200 yr 
was chosen to ensure that any given window contains enough 
samples to provide good signal-to-noise ratios in correlation 
estimates. Nonetheless, all of the important conclusions drawn 
below are robust to choosing other reasonable (for example, 100- 
year) window widths. 

We test the significance of the correlation coefficients (r) relative 
to a null hypothesis of random correlation arising from natural 
climate variability, taking into account the reduced degrees of 
freedom in the correlations osving to substantial trends and low- 
frequency variability in the NFl series. The reduced degrees of 
freedom are modelled in terms of first-order markovian ‘red 
noise’ correlation structure of the data series, described by the 
lag-one autocorrelation coefficient p during a 200-year window. 
This parameter ranges from 0.48 in the first window (1610-1809) to 
0.77 in the final window (1796- 1995) of the moving correlation, the 
considerably larger recent value associated with the substantial 
global warming trend of the past century. This latter trend has 
been shown to be inconsistent with red noise^ and could thus itself 
be argued as indicative of externally forced variability. An argument 
could in this sense, be made for using the smaller pre-industrial 
value p = 0.48 of the NH series in estimating the statistical degrees 
of freedom appropriate for the null hypothesis of natural variability. 
Nonetheless, we make the conservative choice of adopting the 
largest value p = 0.77 as representative of the natural serid correla- 
tion in the series. We use Monte Carlo simulations to estimate the 
likelihood of chance spurious correlations of such serially correlated 
noise with each of the three actual forcing series. The associated 
confidence limits are approximately constant between sliding 200- 
year windows. For (positive) correlations with both CO2 and solar 
irradiance, the confidence levels are both approximately 0.24 (90%), 
0.31 (95%), 0.41 (99%), while for the ‘whiter’, relatively trendless, 
DVI index, the confidence levels for (negative) correlations are 
somewhat lower (-0.16, -0.20, -0.27 respectively). A one-sided 
significance test is used in each case because the physical nature of 
the forcing dictates a unique expected sign to the correlations 
(positive for CO7 and solar irradiance variations, negative for the 
DVI fluctuations). 

The correlation statistics indicate highly significant detection of 
solar irradiance forcing in the NH series during the ‘Maunder 
Minimum’ of solar activity from the mid-seventeenth to early 
eighteenth century which corresponds to an especially cold 
period. In turn, the steady increase in solar irradiance from the 
early nineteenth century through to the mid-twentieth century 
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coincides with the general warming over the period, showing 
peak correlation during the mid-nineteenth century. The regression 
against solar irradiance indicates a sensitivity to changes in the ‘solar 
constant’ of — 0. 1 K W~' m"^, which is consistent with recent model- 
based studies^^. Greenhouse forcing, on the other hand, shows no 
sign of significance until a large positive correlation sharply emerges 
as the moving window slides into the twentieth century. The partial 
correlation with CO2 indeed dominates over that of solar irradiance 
for the most recent 200-year interval, as increases in temperature 
and CO2 simultaneously accelerate through to the end of 1995, 
while solar irradiance levels off after the mid-twentieth century. It is 
reasonable to infer that greenhouse-gas forcing is now the dominant 
external forcing of the climate system. Explosive volcanism exhibits 
the expected marginally significant negative correlation with tem- 
perature during much of 1610-1995 period, most pronounced in 
the 200-year window centred near 1830 which includes the most 
explosive volcanic events. 

A variety of general circulation"'^''' and energy-balance model 
experiments"'^"'^'''' as well as statistical comparisons of twentieth- 
century global temperatures with forcing series"''’ suggest that, 
although both solar and greenhouse-gas forcings play some role 
in explaining twentieth-century climate trends, greenhouse gases 
appear to play an increasingly dominant role during this century. 
Such a proposition is consistent with the results of this study. 

As larger numbers of high-quality proxy reconstructions become 
available in diverse regions of the globe, it may be possible to 
assimilate a more globally representative multiproxy data network. 
Given the high level of skill possible in large-scale reconstruction 
back to 1400 with the present network, it is reasonable to hope that 
it may soon be possible to faithfully reconstruct mean global 
temperatures back over the entire millennium, resolving for exam- 
ple the enigmatic^ medieval period. Geothermal measurements 
from boreholes'® recover long-term temperature trends without 
many of the complications of traditional proxy indicators and, in 
combination with traditional multiproxy networks, may prove 
helpful in better resolving trends over many centuries. With a 
better knowledge of how the climate has varied before the twentieth 
century, we will be able to place even better constraints on the 
importance of natural and anthropogenic factors governing the 
climate of the past few centuries, factors which will no doubt 
continue to affect climate variability in the future, in addition to 
any anthropogenic effects. □ 


Methods 

Statistics. We use as our primary diagnostic of calibration and verification 
reconstructive skill the conventional ‘resolved variance’ statistic; 

0 = 1 - 

where y„( is the reference series (the raw data in the case of calibration or the 
verification dataset in the case of verification) and y is the series being 
compared to it (the proxy-reconstructed data for either calibration or 
verification). We compute /3 for each grid-point, and for the NH, GLB and 
MULT quantities. The sum extends over the time interval of comparison, and 
for the multivariate case (MULT), over all gridpoints as well. We also computed 
a calibration 0 statistic for the detrended NH series (DETR) to distinguish 
between explanatory variance associated with the notable trend of the twentieth 
century, and that related to departures from the trend. 

|3 is a quite rigorous measure of the similarity between two variables, 
measuring their correspondence not only in terms of the relative departures 
from mean values (as does the correlation coefficient r) but also in terms of the 
means and absolute variance of the two series. For comparison, correlation (r) 
and squared-correlation (r') statistics are also determined. The expectation 
value for two random series is 0 = - 1. Negative values of 0 may in fact be 
statistically significant for sufficient temporal degrees of freedom. Nonetheless, 
the threshold 0 = 0 defines the simple ‘climatological’ model in which a series 
is assigned its long-term mean. In this sense, statistically significant negative 
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values of 0 might still be considered questionable in their predictive or 
reconstructive skill. Owing to the more rigorous ‘match’ between two series 
sought by ft highly significant values of |8 are possible even when is only 
marginally significant. 

Significance levels were determined for r* from standard one-sided tables, 
accounting for decreased degrees of freedom owing to serial correlation. 
Significance levels for $ were estimated by Monte Carlo simulations, also taking 
serial correlation into account. Serial correlation is assumed to follow from the 
null model of AR( I ) red noise, and degrees of freedom are estimated based on 
the lag-one autocorrelation coefficients (p) for the two series being compared. 
Although the values of p differ from grid-point to grid-point, this variation is 
relatively small, making it simplest to use the ensemble average values of p over 
the domain (p == 0.2). 

Calibration. With the spatial sampling of M = 1,082 continuous monthly 
grid-point surface temperature anomaly (that is, de-scasonalized) data used 
(Fig. lb), the N — 1,128 months of data available from 1902 to 1995 were 
sufficient for a unique, overdetermined eigenvector decomposition (note that 
N' = 94 years of the annual mean data would, in contrast, not be sufficient). 

For each grid-point, the mean was removed, and the series was normalized 
I by its standard deviation. A standardized data matrix Tof the data is formed by 
weighting each grid-point by the cosine of its central latitude to ensure areally 
proportional contributed variance, and a conventional Principal Component 
Analysis (PCA) is performed, 

T = ^XiuJvj 

r=i 

decomposing the dataset into its dominant spatiotemporal eigenvectors. The 
M-vector or empirical orthogonal function (EOF) v* describes the relative 
spatial pattern of the fcth eigenvector, the N-vector ur or principal component 
(PC) describes its variation over time, and the scalar Xi describes the associated 
fraction of resolved (standardized and weighted) data variance. 

In a given calibration exercise, we retain a specified subset of the annually 
averaged eigenvectors, the annually averaged PCs denoted by ui, where 

n = 1 N, N = 79 is the number of annual averages used of the N-month 

length data set. In practice, only a small subset of the highest-rank 
eigenvectors turn out to be useful in these exercises from the standpoint of 
verifiable reconstructive skill. An objective criterion was used to determine the 
particular set of eigenvectors wdiich should be used in the calibration as follows. 
Preisendorfer s“ selection rule ‘rule N’ was applied to the multiproxy network 
to determine the approximate number of significant independent climate 

patterns that are resolved by the network, taking into account the spatial 
correlation within the multiproxy data set. Because the ordering of various 
eigenvectors ia terms of their prominence in the instrumental data, and their 
prominence as represented by the multiproxy network, need not be the same, 
we allowed for the selection of non-contiguous sequences of the instrumental 
eigenvectors. We chose the optimal group of eigenvectors, from among a 
larger set (for example, the first 16) of the highest-rank eigenvectors, as the 
group of eigenvectors which maximized the calibration explained variance. It 
was encouraging from a consistency standpoint that this subset typically 
corresponded quite closely to the subset which maximized the verification 
explained variance statistics (see below), but the objective criterion was, as it 
should be, independent of the verification process. We emphasize, furthermore, 
that statistical significance was robustly established, as neither the measures of 
statistical skill nor the reconstructions themselves were highly sensitive to the 
precise criterion for selection. In addition to the above means of cross- validation, 
we also tested the network for sensitivity to the inclusion or elimination of 
particular trainee data (for example, instrumental/historical records, non- 
instrumental/historical records, or dendroclimatic proxy indicators). 

These eigenvectors were trained against the indicators, by finding 
the least-squares optimal combination of the N„h PCs represented by each 
individual proxy indicator during the /^ = 79 year training interval from 1902 
to 1980 (the training interval is terminated at 1980 because many of the proxy 
series terminate at or shortly after 1 980). The proxy series and PCs were formed 
into anomalies relative to the same 1902-80 reference period mean, and the 
proxy series were also normalized by their standard deviations during that 
period. This proxy-by-proxy calibration is well posed (that is, a unique optimal 
solution exists) as long as N > (a limit never approached in this study) 


and can be expressed as the least-squares solution to the overdetermined matrix 
equation, Ux = y”, where 



L“S' ^2' ... c- 

is the matrix of annual PCs, and 


ry. 





is the time series N-vector for proxy record p. 

The Ncofs-length solution vector x =r G"** is obtained by solving the above 
overdetermined optimization problem by singular value decomposition for 
each proxy record p= 1, P. This yields a matrix of coefficients relating the 
different proxies to their closest linear combination of the PCs; 


-c," G*." ... 

G^-' G^-' ... 

... 


This set of coefficients will not provide a single consistent solution, but rather 
represents an overdetermined relationship between the optimal weights on 
each on the PCs and the multiproxy network. 

Proxy-reconstructed patterns are thus obtained during the pre-calibration 
interval by the year-by-year solution of the overdetermined matrix equation, 
Gz = y,j„ where is the predictor vector of values of each of the P proxy 
indicators during year j. The predictand solution vector z = U contains the 
least-squares optimal values of each of the N,ok PCs for a given year. This 
optimization is overdetermined (and thus well constrained) as long as 
P > which is always realized in this study. It is noteworthy that, unlike 
conventional palaeoclimate transfer function approaches, there is no specific 
relationship between a given proxy indicator and a given predictand (that is, 
reconstructed PC). Instead, the best common choice of values for the small 
number of N^ofs predictands is determined from the mutual information 
present in the multiproxy network during any given year. The reconstruction 
approach is thus relatively resistant to errors or biases specific to any small 
number of indicators during a given year. 

This yearly reconstruction process leads to annual sequences of the optimal 
reconstructions of the retained PCs, which we term the reconstructed principal 
components or RPCs and denote by u**. Once the RPCs are determined, the 
associated temperature patterns are readily obtained through the appropriate 
eigenvector expansion. 


f= 

k=l 


while quantities of interest (for example, NH) are calculated from the 
appropriate spatial averages, and appropriate calibration and verification 
resolved variance statistics are calculated from the raw and reconstructed data. 

Several checks were pterformed to ensure a reasonably unbiased calibration 
procedure. The histograms of calibration residuals were examined for possible 
heteroscedasticity, but were found to pass a ^ test for gaussian characteristics at 
reasonably high levels of significance (NH, 95% level; NIN03, 99% level). The 
spectra of the calibration residuals for these quantities were, furthermore, 
found to be approximately ‘white’, showing little evidence for preferred or 
deficiently resolved timescales in the calibration process. Having established 
reasonably unbiased calibration residuals, we were able to calculate 
uncertainties in the reconstructions by assuming that the unresolved variance 
is gaussian distributed over time. This variance increases back in time (the 
increasingly sparse multiproxy network calibrates smaller fractions of 
variance), yielding error bars which expand back in time. 

Vmlfieatlon. Verification resolved variance statistics ((8) were determined 
based on two distinct verification data sets including ( 1 ) the sparse subset of the 
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gridded data (M' = 219 grid-points) for which independent values are avail- 
able from 1854 to 1901 (see Fig, lb) and (2) the small subset of 11 very long 
instrumental estimated temperature grid-point averages (10 in Eurasia, 1 in 
North America— see Fig. la) constructed from the longest available station 
measurements. Each of these ‘grid-point’ series shared at least 70% of their 
variance with the corresponding temperature grid-point available from 1854- 
1980, providing verification back to at least 1820 in all cases (and back through 
the mid and early eighteenth century in many cases). Note that this latter 
verification data set is only temporally, but not spatially, independent of the 
multiproxy network itself, which contains these long instrumental grid-point 
series as a small subset of the network. In case (1), NH and GLB verification 
statistics are computed as well as the multivariate (MULT) grid-point level 
verification statistic, although these quantities represent different spatial 
samplings from those in the full calibration data set owing to the sparser 
sampling of the verification period. Case (2) provides a longer-term, albeit an 
even less spatially representative, multivariate verification statistic (MULTb). In 
this case, the spatial sampling does not permit meaningful estimates of NH or 
GLB mean quantities. In any of these diagnostics, a positive value of is 
statistically significant at >99% confidence as established from Monte Carlo 
simulations. Verification skills for the NIN03 reconstructions are estimated by 
other means, as the actual NIN03 index is not available far beyond the 
beginning of the calibration period. The (negative) correlation r of NIN03 
with the SOI annual-mean from 1865 to 1901 (P. D. lones, personal com- 
munication), and a squared congruence statistic / measuring the categorical 
match between the distribution of warm NIN03 events and the distribution of 
warm episodes according to the historical'’ chronology (available back to the 
beginning of 1525), were used for statistical cross-validation based on one- 
sided tables and Monte Carlo simulations, respectively. The results of all 
calibration and verification experiments are available; see Supplementary 
Information. 
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corrigendum 


Global-scale temperature 
patterns and climate forcing 
over the past six centuries 

Michael E. Mann, Raymond S. Bradley & Malcolm K. Hughes 

Nature 392, 779-787 (1998). 

It has been drawn to our attention (S. McIntyre and R, McKitrick) 
that the listing of the 'proxy’ data set in the Supplementary 
Information published with this Article contained several errors. 
In Table 1 we provide a list of the records that were either mistakenly 
included in the Supplementary Information, or mistakenly left out. 
A small number of other corrections of the original listing include 
(see Table 1) corrections of the citations originally provided, or 
corrections of the start years for certain series. 

The full, corrected listing of the data is supplied as Supplementary 
Information to this corrigendum. Also provided as Supplementary 
Information are a documented archive of the complete data 
(instrumental and ‘proxy’ climate series) used in our original 


Table 1 Errors In 'proxy’ data set listing in ref. 1 

Series (34) listed in Ofiginal Supplementary Information but not used in ref 1 ‘ 


FRAN003: ITALC15 and ITAL015X; SPA1026 and SPAI047; NEWZ036; AFCE03C. 
ARGE060 send ARGE066; CHIL015, CHIL016, CHIL01 7 and CHILC18: AbaOo and 
AK(X)6X; CA070: CANA053. CANA053X, CAMA096. CANA096X, CANAO90, CANAt06 
and CANA1 10; WA01 9, WA025, V‘7A027, WA033. VVA039, WA041 , WA07t. WA074, 
WA086, WA0S8 and WAC91 ; VAGANOV55 


Series (2) used in ref. 1 but not listed in onginai Suppiemenlaiy Information 


Unpublisned Southwesi US.Tylexico Density series (D. W, Slahie, personal 
conimunication) 

Unpublished Southwest US./Mexico Laiewood Width senes (D. Vv. Stahle. personal 
conimunication) 


Additional minor corrections 


(t) The Centra! Erigland and Ceniriil European ternjjerature records used by mf. 1 were 
tne summer season versions of these series as used by ref. 2. 

(2) The 'Icing insinumental' series used m ret, i are station ternperati.in-: and orecip;tatiorr 



(3; Tfie start year for tfie Centrai Europe' serie.s of ref. 1 is .yo 1 52.3. 

(4) Tlie 'Western Nortfi America Dendro density' series used in ref. 1 shoe*) properly be 
attributed to ref. 3. 

(5; Tt'ie Stahle et a/, Southwesi ern/Mexico late wood wldtti and maximum densily data 
used in ref, 1 should properly be attributeef to ref 4 (the formal reference was not 
available at the time of ref. i). or, in two cases, unpublished data (0. VV. Stahle. 
personal communication) 

(P) Fev o.ne of Nie 12 'North, ern Treelme' records of ..iacdbv s.' a.f used m ref 1 (the 
'St Anne River' series), the values used for ao 1 400-03 were equal to the value for the 
first a'vailable year (ao 1404), 

•These series, ail ot wt'iich cometrom the interriational Tree Ring Data Bank (ITFiDB). met all the tests 
uf»J for scr'yaiiirg of the ITRDB data useef in ret. 1 (wx; ret. 5'!, except orx>-riarriely, tnat in 1997, 
eitlier it could not be ascertained by ttie authors tiow these senes had beers standardized by the 
wiginal contributors, or it vjas known that the series had been aggressively stanoardzed, removing 
multidecadal to century-scale fluctuations. 


Study, and an expanded description of the methodological details i 
of our original study. 

None of the.se errors affect our previously published results'. □ j 

I. .Mann, .M. F„ Bradin'. K. S. & Hughts, .M. K. Gkibal-scalc temperafurr pattvrn.'S anil climate forcing i 
over the pait sLx centuries. Nofiin; 392, 779-787 (1998). 

to recent global warming trend-. Ihc Holocene 3, 367-376 (1993). 

3. Brit'fii, K. R. cl al. Fcnnoscandian summers Tnim .cri.SOth temperature clianges on short and lung 
timescales. CfiiB. Urn 7, 01-119(1992). 

4. Stahle, U. W. et ul. Experimental dendrciciimatic reconstruction of the Southern Oscillation. Bull. Am. 
Melcond. Soc. 79, 21.37- 2152 (1998). 

3. Mann, .M. E ri uL Global temperature pattenis in past centuries: An interactive presentation. Etirth 
Inin. 4-4, 1-29 1’tXlO). 

Supplementary Information accompanies this corrigendum on www.nalure.com/naturt. 
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Northern Hemisphere Temperatures During the Past 
Millennium: Inferences, Uncertainties, and Limitations 

Midiael E. Mann and IhvS'mond S. Bradley 

Depjirfcment of Geosdeiices, Uiiiv(irsity of Mai>sadni,setts, Amlierst Mjussach\isefcts 

Malcolm K. Hughes 

Laboratory of Tree-Ring R.eseardi, University of Arizona, Tucson, Arizona 


Abstract, Biulding on recent studies, we attempt hemi- 
spheric temperature recxmstructioxis with proxy data net- 
works for the past millennium. We focus not just on the 
reconstructions, but the unceitaiuties therein, and impor- 
tant cave.ats. Though expanded uncertaintitjs prevent deci- 
sive conclusions for the period prior to AD 1400, our results 
suggest that the latter 20t,h century Ls anomalous in the 
context of at lenst the past inillennium. The 1990s was the 
warmejst decade, and 1998 the warmest year, at moderately 
high levels of cx)nfidence. The 20th century warming coun- 
ters a raillennial-scaJe cooling trend whidi is consistent with, 
loug-texm Justronomical forcing. 

Introduction 

Estimates of dimate v-ariability during past centuries must 
rely upon indirect “proxy” indicators-natural archives that 
record pa,st climate variations. IVends over several amturies 
are evident in the reces.sion of glaciers [Grove and Switsur, 
1994], and the sub-surfax:e information from boreholes [Pol- 
lack et al, 1998]. Annual climate estiinaUis, however, require 
proxies sxich as tree, rings, varved sediments, ice cores, and 
corals (combined wdtli an}' available instrumental or histori- 
cal recoi'ds), which record seasonal/annual variations. Stud- 
ies based^ou such “multiproxy” data networks [e.g., Bradley 
and Jones, 1993: Hughes ;md Diaz, 1994; Mann et al, 1995] 
have allowed the 20th cnntxiry climate to be placed in a 
longejr-term perspective, thus allowing for improved esti- 
mates of the infiueuce of dimate forcings [Lean et al, 1995; 
Crow'ley and Kim, 1996; Overpeck et al, 1997], and vali- 
dation of the low-trecpienc}'^ behavior exhibited by climate 
models [e.g-, Jones et al, 1998]. 

Recently, Mann et al [1998 -henceforth “MBH98”] recon- 
structed yearly globid surfac.e temperature patterns back in 
time through the calibration of multiproxy networks against 
the modern temperature record. Skillful reconstruction 
of Northern Hemisphere mexm annual siirface temperature 
(”NH”) was possible bjwh to AD 1400, as the pattern of 
surface temperature most readily calibrated by the avail- 
able multiproxy network corresponds largely to synchronous 
large-saile temperature vjiriation. It has been speculated 
that temperatures were w'anner even Rirther back, ~1000 
year s ago- a period described by Lamb [1965] as the Mediev'al 

Copyright 1999 by the American Geophysical Union. 
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Warm Epoch (though Lamb, examining evidence mostly 
from w'CStexu Europe, never suggested this a global 
phenomenon). We. here apply the methodology detailed by 
MBH98 to the spar.ser proxy data network avjjilable prior 
to AD 1400, to critically revisit this i.ssuc, extending NH 
reconstructions as far back as is currently feasible. We also 
reevaluate earlier estimates of uncertainties in the NH series. 

Data and Method 

The multiproxy data network and instrumental temper- 
ature data used to calibrate it are discussed in detail by 
MBH98 (see supplementary information therein). Before 
AD 1400, only 12 indicators of the more than 100 d<5scribed 
by MBH98 axe available. This includes the first 3 principal 
components (PCs) of the (28) dendroclimatic series avail- 
able back to AD 1000 in the Internatiomd Tree Ring Data 
Bank ("ITRDB”) ;dl from North America. The 12 indica- 
tors (14 counting two nearby ice core sitcis) are summarized 
in Table 1. 

The calibration procedure (see MBH9S) invokes the as- 
sumptions (1) that a linear relationship exists between proxy 
climate indicators and and some combmation of large-scale 
temperature patterns, and (2) that patterns of surface tem- 


Table 1. 12 Proxy Indicators Available Back 

to AD 1000. Description (“SERIES” -see MBH98 
for details regarding data and reference), location 
(“LOG” -region or lat/lon coordinates, start year 
(“l/o’'} AD, and type (“TYTE”) of series is in- 
dicated. These data (and the NH series dis- 
cussed in the text) are available over the internet 
throiigh the World Data Center-A for Paleoclimatology 
(http://wwwMigdc.noaa.gov/paleo/paleo.htiril). 


SERIES 

LOG 

yo 

TYPE 

ITRDB (PC #1) 

N. .Amer 

1000 

T. Ring width 

ITRDB (PC #2) 

N. Amer 

1000 

T, Ring width 

ITRDB (PC #3) 

N. .Amer 

1000 

T. Ring widtli 

Penuoscandia 

68N 23E 

500 

T. Ring density 

Polar Urals 

67N 65E 

914 

T. Ring den.sity 

Trtsmania 

43S USE 

900 

T. Ring width 

N. Patagonia 

38S 68W 

869 

T. Ring width 

Morocco 

33N 5W 

984 

; T. Ring width 

France 

44N 7E 

988 

T. Ring width. 

Greenland stacked core 

77N 60W 

553 

i ice core 

Quekeaya (2) 

14S 71 W 

488 

ice core 

Quekeaya (2) 

US 71 W 

488 

ice accum. 


759 
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peratiire in the past can be suitably described in terms of 
some Uneav combination of the dominant present-day surface 
temperature patterns. MBH98 performed extensive aoss- 
vaiidation experiments to verify the reliability of the re- 
construction using global temperature data from 1854-1901 
withheld from (1902-1980) calibration, and, further back, by 
the small number of instrumental temperature series avail- 
able back through the mid- 18th century. 

In using the sparser dataset available over the entire mil- 
lennium (Table 1), only a relatively small number of indica- 
tors are available in regions (e.g., western North America) 
where the primary pattern of hemispheric mean temperature 
variation has significant amplitude (see Fig. 2 in MBH98), 
and where regional variations appear to be closely tied to 
global-scale temperature wariations in model-based experi- 
rrients [Bradley, 1996|. These few indicators thus take on a 
paxticulai-ly important role (in fact, as discussed below, one 
such indicator- PC #1 of the ITRDB data-is found to be es- 
sential), in contrast with the post AD 1400 reconstructions 
of MBH98 for whicli indicators me avaiiable in several key 
regions [e.g., the North American northern treeline ("NT”) 
dendroclimatic clironologies of Jacoby and D’Arrigo, 1989]. 

Due to the leverage of ITRDB PC #1 in the millennial 
reconstruction, any iion-climatic influence must first be re- 
moved before it can meaningfully be used in the reconstruc- 



belowj is shown for comparison, (b) R,esidual between 
the smoothed NT and ITRDB series, and its secular 
trend (retaining timescales longer tlian 150 years). Rel- 
ative variations in atmospheric CO 2 since AD 1700 are 
shown for comparison. 


tions. Spurious increases in viuiance back in time associ- 
ated with decreasing .sample sizes [see e.g. Jones et al, 
1998] are not an issue with this series, owing to the high 
degree of replication in the underlying chronologies back 
to AD 1000. A number of the highest elevation chronolo- 
gies in the western U.S. do appear, howe%rer, to have ex- 
hibited long-term grow^th increases that are more dramatic 
than ciin be cocplained by instrumental temperature trends 
in these regions. Gray bill and Idso [1993] suggest that such 
high-elevation, COa-limited trees, in moisture-stressed en- 
vironments, should exhibit a growth response to increasing 
CO 2 levels. Though ITRDB PC #1 shows significant load- 
mg.s among many of the 28 constituent series, the largest 
are indeed found on high-elevation western U.S. sites. The 
ITRDB PC#1 is showm along with that of the composite 
NT series, during their 1400-1980 period of overlap (Figure 
1). The low-frequency coherence of the ITRDB PC#1 se- 
ries and composite NT series dxtring the initial four centuries 
of overlap (1400-1800)is fairly remarkable, considering that 
the two series record variations in entirely different environ- 
ments and regions. In the 19th century, however, the series 
diverge. As there is no a priori reason to expect the CO 2 ef- 
fect discussed above to apply to the NT serie,s, and, further- 
more, that series has been verified through cross-comparison 
with a variety of proxy series in nearby re^ons [Overpeck et 
al, 1997], it is plauriWe that the divergence of the two series, 
is related to a CO 2 influence on the ITRDB PC #1 series. 
The residual is indeed coherent with rising atmospheric CO 2 
(Figure lb), until it levels off in the 20th century, wliidi we 
speculate may represent a saturation effect whereby a new^ 
Uraiting factor is established at high CO 2 levels. For oxir pm- 
poses, however, it sufiices that we consider the residual to 
be non-climatic in imture, and consider the ITRDB PC #1 
series “corrected"’ by removing from it this residual, forcing 
it to align with the NT series at low frtHjuencies throughout 
their mutual interval of overlap. This conection is indepen- 
dently justified by the fact that temperatures averaged over 
the NT region and western U.S. region dominating ITRDB 
PC #1 exhibit very similm low-frequency trends this cen- 
tury (not shown). 

Verification and Consistency Checks 

The calibration /verificAtion statistics for reconstructions 
based on the 12 indicators available back to AD 1000, are, 
as expected, somewhat degraded relative to those for the 
post AD 1400 period. The calibration and verification re- 
solved variance (39% and 34% respectively) are consistent 
with each other, but lower than for reconstructions back to 
AD 1400 (42% and 51% respectively-«e<} MBH98). Results 
further back than a millennium, based on even spar.ser data 
(see Table 1) are yet further degraded. With only a single 
eigenvector of the instrumental temperature data (#1- see 
Figure 2 in MBH98) skillfully resolved by the network avail- 
able back to AD 1000, the totd spatial variance calibrated 
is far more modest than that for the NH mean (« 5% in 
calibration and verification). Tims, the NH series, but not 
the spatial details, are most meaningful in the millennial 
reconstructions. 

Further consistency checks are required. The most ba- 
.sic involves checking the potential resolvability of long-term 
variations by the underlying data used. An indicator of cU- 
mato variability should exhibit, at a minimum, the ted noise 
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SPECTRUM OF CALIBRATION RESIDUALS 


calSwation w/ AO 1820- 1980 networii 

calibration w/ AD 1000-1080 ooiwotk 



FREQUENCY (cyclaVf) 


Figure 2. Spectrum of NH series calibration residuals 
from 1902-1980 for posf;-AD 1820 (solid) and AD 1000 
(dotted) reconstructions (scaled by their mean white 
noise levels). Median and 90%, 95%, and 99% signifi- 
cance levels (dashed lines) are shown. 


spex^truni the climate itself is known to exhibit [see Mann 
and Lees, 1996 and references therein]. A significant deficit 
of power relative to the median red noi.se level thus indicates 
a possible loss of true climatic variance, with a deficit of 
zero frequency power indicative of less trend than expected 
from noise alone, and the likelihood that the longest (“sec- 
ular”) timescales under in%’estigation are not adequately re- 
solved, Only 5 of the indicators (including the ITRDB PC 
#1, Polar Urals, Fennosf.au dia, aiid both Quelccaya series) 
are observed to have at least median red noise power at zero 
frequency for the pre-calibration (AD 1000-1901) period. It 
is furthermore found that only one of these .series- -PC #1 of 
the ITRDB data-exhibits a significant correlation with the 
time history of the dominant temperature pattern of the 
1902-1980 calibration period. Positive calibration/vaxiance 
scores for the NH seriiis cannot be obtained if this indica- 
tor is removed from the network of 12 (in contrast with 
post- AD 1400 reconstructions for which a variety of indica- 
tors are available which correlate agaimst the instrumental 
record). Though, as discussed earlier, ITRDB PC#1 rep- 
re.sents a vital region for resolving hemi.si)heric temperature 
trends, the assumption that this relationship holds up over 
time nonetheless deman<is circumspection. Clearly, a more 
widespread network of quality millennial proxy climate in- 
dicators will be required for more confident inferences. 

A further consistency check involves examining the cali- 
bration residuals. In Figure 2 we show the power spectrum 
of the residuals of the NH calibration from 1902-1980 for 
both the calibrations based on all indicators in the network 
available back to 1820 (see MBH98), and the calibrations 
base<i on the 12 indic.ators available back to AD 1000. Not 
only (as indicated earlier) is the calibrated variance lower 
for the millennial reconstruction, but there is evidence of 
possible bias. While the residuals for the post-AD 1820 
reconstructions are consistent with white noise (at no fre- 
quency does the spectrum of the residuids breach the 95% 
significance level for white noise-this holds in fact back to 
AD 1600), a roughly five-fold increase in unresolved vari- 
ance is observed at .secular frequencies (>99% significant) 
for the millennial rec.onstniction. In contrast to MBH98 


where uncertainties were self-consLstentiy estimated bsised 
on the observation of Gaussian residuals, we here take ac- 
count of the spectrum of unresolved variance, separately 
treating unresolved components of v'arisuice in the secular 
(longer than the 79 year calibration interval in this case) <md 
higher-frequency bands. To be conservative, we tJike into ac- 
count the slight, though statistically insignificant inflation 
of imresolv<xi secular variance for the post-AD 1600 recon- 
structions. This procedure yields composite uncertainties 
that axe moderatdy larger than those estimated by MBH98, 
though none of the primary conclusions therein axe altered. 

Temperature Reconstruction 

The reconstructed NH .series and estimated uncertainties 
are shown in Figure 3, along with its associated power spec- 
trum. The substantial secular spectral peak is highly sig- 



.10 J ' — — ' ' >- 

1000 1200 1400 1600 1800 2000 


YEAR 

(a) 


— reconstfucticm (AD 1000-1980) 

- instfwnenta! data (AD 1902-1998) 

- - - caiibfaiion period (AD 1902-1980) mean 
— - reconstruction (40 year siTKXrthed) 

tieartraid (AD 1000-1850) 



Fra<|uw>cy (cyc)«iiVr) 


Figure 3. Millennial tenperature reconstruction, (a) 
NH reconstruction (solid) and raw data (dotted) from 
AD 1000-1998. Smoothed version of NH series(thick 
solid), linear trend from AD 1000-1850 (dot-dashed) 
and two standard error limits (shaded) are also shown, 
(b) Power spectrum of the NH series based on full (AD 
1000-1980) and pre-calibration (AD 1000-1901) inter- 
vals. Robustly estimated median and 90%, 95%, and 
99% significance levels relative to red noise are shown 
[see Mann and Lees, 1996]. 
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nificant relative to red noise, associated with a long-tmii 
cooling trend in the NH series prior to industrialization 
(ST = “0.02‘’C/century). This cooling is possibly related to 
astronomical forcing, which is thought to have driven long- 
term teirip(‘ra:tur<»s dowinvar<i since the mid-Holocene at a 
rate within the range of -0-01 to -0.04‘’ C/<^aitary fsee Berger , 
1988]. In atidition, significant century-scale variability may 
be associated with solm' irradiance variations [see Lean et al, 
1995; MBH;98], and a robust spectral peak centered at 50-70 
year period seems to correspond to a multidecadal climate 
signal discussed by Mann et al [1995]- _ 

The 20th century (1900-1998) (anomaly of T = 0.07"C 
relative to the 1902-1980 calibration period mean) is nomi- 
nally the warmest of the millennium (n-12th: -0-04; 13th: 
-0.09, 14th: -0.07; 15th; -0.19; 16th: -0.14; 17th: -0.18; 
iSth : -0.14; l9th:-0.21). Expanded uncr^rtainties in cen- 
tennial means prior to AD 1600, and warmer wnditions 
during the earlier centuries of the millennium, however, 
preclude a definitive statement prior to AD 1400--the 11th 
and Pith centuries aie within a (centennial) standard er- 
ror of the 20th century. The late 11th, late 12th, and late 
14th centuries rival mean 20th cxmtury tempe-rature levels 
(see Figure 3a). Our reconstruction thus supports the no- 
tion of relatively warm hemispheric conditions earlier in the 
millennium, while cooling following the 14th century could 
be viewed as the initiJiI onset of the Little Ice Age sensu 
Into. Considerable spatial variability is evident howjver [see 
Hughes and Diaz, 1994] and, as in in Lamb’s [1965] origi- 
nal concept of a Medieval Warm Epoch, there are episodes 
of cooler as well as warmer conditions punctuating this pe- 
riod. Even the warmer intervals in our reconstruction pale, 
however, in comparison wuth modem (raid-to-late 20th cen- 
tury) temperatures. For the NH series, both the past year 
(1998) and past deeade (1989-1998) are well documented 
as the warmest in the 20th ce^nry instrumental record. 
Furthermore, the past decjrde (T = 0.45" G) is nearly two 
(decadal) standard errors warmer than the next_warmest 
decade prior to the 20th century (1166-1175: 7=0.11), 
and 1998 (T = 0.78"C) more than two standard errors 
warmer than the next warmest year (1249 with an anomaly 
T = 0,27"C; 1253 and 1366 with T w 0.25"C are the only 
other two years approaching typical modern warmth), sup- 
porting the conclusion that both the pjtst dec.ade and past 
year are likely the warmest for the Northern Hemisphere 
this millennium. The recent warming is espcxually striking 
if view^ed as defying a long-term cooling trmid associated 
with astronomical forcing. 


Conclusions 

Although NH reconstructions prior to about AD 1400 ex- 
hibit expanded uncertainties, several important conclusions 
are still possible. \¥hile w^armth early in the milleimium 
approaches mean 20th century levels, the late 20th century 
still appears anomalous: the 1990s are likely the warmest 
decade, and 1998 the warmest year, in at least a millen- 
nium. More widespread high-resolution data which can re- 
solve millennial-scale variability are needed before more con- 
fident conclusions c.an be reiudied vrith tegai'd to the spatial 
and temporal details of climate change in the past millen- 
nium and beyond. 
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BUD ALBRIGHT. STAFF DIRECTOR 

Dr. Raymond S. Bradley 

Director, Climate System Research Center 

Department of Geosciences 

Morrill Science Center 

University of Massachusetts 

Amherst, MA 01003-9297 


Dear Dr. Bradley: 

Questions have been raised, according to a February 14, 2005 article in J7ie Wall Street 
Journal, about the significance of methodological flaws and data errors in studies you co-authored 
of the historical record of temperatures and climate change. We understand that the Mann, 
Bradley, Hughes studies of temperature proxy records (tree rings, ice cores, corals, etc.) formed the 
basis for a new finding in the 2001 United Nation’s Intergovernmental Panel on Climate Change 
(IPCC) Third Assessment Report (TAR). This finding - that the increase in 20* century northern 
hemisphere temperatures is “likely to have been the largest of any century during the past 1,000 
years” and that the “1990s was the warmest decade and 1998 the warmest year” - has since been 
referenced widely and has become a prominent feature of the public debate surrounding climate 
change policy. 

However, in recent peer-reviewed articles in Science, Geophysical Research Letters, and Energy 
& Environment, researchers question the results of this work. As these researchers find, based on the 
available information, the conclusions concerning temperature histories - and hence whether 
warming in the 20* century is actually unprecedented - cannot be supported by the Mann et. al. 
studies cited in the TAR. hi addition, we understand firom the February 14 Journal and these other 
reports that researchers have failed to replicate the findings of these studies, in part because of 
problems with the underlying data and the calculations used to reach the conclusions. Questions 
have also been raised concerning the sharing and dissemination of the data and methods used to 
perform the studies. For example, according to the January 2005 Energy & Environment, such 
information necessary to replicate the analyses in the studies has not been made fully available to 
researchers upon request. 
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The concerns surrounding these studies reflect upon the quality and transparency of federally 
funded research and of the IPCC review process - two matters of particular interest to the 
Committee. For example, one concern relates to whether IPCC review has been sufficiently 
independent. We understand that you were a contributing author of the IPCC chapter that assessed 
and reported your own studies, and that two study co-authors were also contributors to this very 
same chapter. Given the prominence these studies were accorded in the IPCC TAR and your 
position and role in that process, we seek to learn more about the facts and circumstances that led 
to acceptance and prominent use of this work in the IPCC TAR and to understand what this 
controversy indicates about the data quality of key IPCC studies. 

As you know, sharing data and research results is a basic tenet of open scientific inquiry, 
providing a means to judge the reliability of scientific claims. The ability to replicate a study, as 
the National Research Council has noted, is typically the gold standard by which the reliability of 
claims is judged. Given the questions reported about data access surrounding these studies, we 
also seek to learn whether obligations concerning the sharing of information developed or 
disseminated with federal support have been appropriately met. 

In light of the Committee’s jurisdiction over energy policy and certain environmental issues, 
the Committee must have full and accurate information when considering matters relating to 
climate change policy. We open this review because this dispute surrounding your studies bears 
directly on important questions about the federally funded work upon which climate studies rely 
and the quality and transparency of analyses used to support the IPCC assessment process. With 
the IPCC currently working to produce a fourth assessment report, addressing questions of 
quality and transparency in the process and underlying analyses supporting that assessment, both 
scientific and economic, are of utmost importance if Congress is eventually going to make policy 
decisions drawing Jfrom this work. 

To assist us as we begin this review, and pursuant to Rules X and XI of the U.S. House of 
Representatives, please provide the following information requested below on or before July 1 1, 
2005: 

1 . Your curriculum vitae, including, but not limited to, a list of all studies relating to climate 
change research for which you were an author or co-author and the source of funding for 
those studies. 

2. List all financial support you have received related to your research, including, but not 
limited to, all private, state, and federal assistance, grants, contracts (including subgrants 
or subcontracts), or other financial awards or honoraria. 

3. Regarding all such work involving federal grants or funding support under which you 
were a recipient of funding or principal investigator, provide all agreements relating to 
those underlying grants or fUnding, including, but not limited to, any provisions, 
adjustments, or exceptions made in the agreements relating to the dissemination and 
sharing of research results. 
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4. Provide the location of all data archives relating to each published study for which you 
were an author or co-author and indicate: (a) whether this information contains all the 
specific data you used and calculations your performed, including such supporting 
documentation as computer source code, validation information, and other ancillary 
information, necessary for full evaluation and application of the data, particularly for 
another party to replicate your research results; (b) when this information was available to 
researchers; (c) where and when you first identified the location of this information; (d) 
what modifications, if any, you have made to this information since publication of die 
respective study; and (e) if necessary information is not fully available, provide a detailed 
narrative description of the steps somebody must take to acquire the necessary information 
to replicate your study results or assess the quality of the proxy data you used, 

5. Regarding study data and related information that is not publicly archived, what requests 
have you or your co-authors received for data relating to the climate change studies, what 
was your response, and why? 

6. The authors McIntyre and McKitrick {Energy <Sc Environment, Vol. 16, No. 1, 2005) 
report a number of errors and omissions in Mann et. at, 1998. Provide a detailed 
narrative explanation of these alleged errors and how these may affect the underlying 
conclusions of the work, including, but not limited to answers to the following questions: 

a. Did you run calculations without the bristlecone pine series referenced in the 
article and, if so, what was the result? 

b. Did you or your co-authors calculate temperature reconstructions using the 
referenced “archived Gaspe tree ring data,” and what were the results? 

c. Did you calculate the R2 statistic for the temperature reconstruction, particularly 
for the 15^*’ Century proxy record calculations and what were the results? 

d. What validation statistics did you calculate for the reconstruction prior to 1820, 
and what were the results? 

e. How did you choose particular proxies and proxy series? 

7. Explain in detail your work for and on behalf of the Intergovernmental Panel on Climate 
Change, including, but not limited to: (a) your role in the Third Assessment Report; (b) 
the process for review of studies and other information, including the dates of key 
meetings, upon which you worked during the TAR writing and review process; (c) the 
steps taken by you, reviewers, and lead authors to ensure the data underlying the studies 
forming the basis for key findings of the report were sound and accurate; (d) requests you 
received for revisions to your written contribution; and (e) the identity of the people who 
wrote and reviewed the historical temperature-record portions of the report, particularly 
Section 2.3, “Is the Recent Wanning Unusual?” 
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Thank you for your assistance. If you have any questions, please contact Peter Spencer of 
the Majority Committee staff at (202) 226-2424. 



Sincerely, 



Ed Whitfield 
Chairman 

Subcommittee on Oversight 
and Investigations 


cc: The Honorable John Dingell, Ranking Member 

The Honorable Bart Stupak, Ranking Member, 
Subcommittee on Oversight and Investigations 
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Rep. J. Barton, Cbaiiman 
House Committee on Energy and Commerce 
Rep. £d Whitfield, Chairman 
Subcommittee on Oversight and Investigations 
2125 Rayburn House Office Building 
Washington, D.C. 20515 


DEPARTMENT OF GEOSCIENCES 
Programs in Geology 
Oeogrtq}hy 
Earth Systems 

Tel: 413.545.0745 
Fax: 413.545.1200 


My 13, 2005 



Dear Congressman Barton and Congressman Whitfield, 


It is good to know that your committee is keenly interested in understanding the basis fi>r 
President George Bush’s recent statement: ^...the surface of the earth is Mvarmer and [that] 
an increase in greenhouse gases caused hy humans is contributing to the problem ”, My 
work has made minor contributions to this issue, which has been the fi>cus of intense 
internatioiial scientific research in recent decades. There is now very little doubt that 
President Bush is correct; this is the view held by almost every person who has carefully 
studied the problein. Greenhouse gas concentrations in the atzno^bore are now higher 
than at ai^ time in at least the last 750,000 years (more than three times the length of time 
that our species, Iwmo sepiens has been on earth). It took over 10,000 years for carbon 
dioxide levels at the end of the last ice age to rise by 100 parts per million (to 28()ppmv) 
but it has taken only ~150 years for concentrations to mcrease 1^ another lOOppmy. 

Indeed, about half of that increase has taken place within the last ^0 years, so the rate of 
increase is m^iecedented, and accelerating. At the same time, global teii 4 )eratures have 
risen to levels higher than at any time since records began. Our research, and that of many 
others, suggests that mean temperature in the noithern hemisphere is^ infoct, higher than at 
any time in nf/eos-r the last 1000 years. These conchisions are consists with theoretical 
studies dealing with the e:q}ected consequences of increased greenhouse gases. That is, 
theory-supported by modeling studies— predict that certain changes would be ttpected if 
greenhouse gas levels increase as they have done, and these predictions are similar to what 
we have observed in instrumental records, and in natural ardiives that are afiected by 
climate changes. It is this very large body of work that led the Inter-Govemmental Panel 
on Climate Change (IPCQ to draw the conclusion in its last report that, *The balance of 
evufouce suggests a discemible infiucncc on global cHmate”. You are quite mii^aken in 
thinking ihat this conclu^n rests largely on the work of Bradley, Hughes or Mann, or on 
the three of us together. The IPCC Report (Climate Change 2001 : The Scientific Basis”, 
published by Cambridge University Press) is SSI pages in length. It weighs S.5 pounds 
and contains over 200 figures and SO tables. It would be absurd to think that the weight of 
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Its conclusions rests on any one figure or Table; rather it paints a convincing picture in the 
totality of its science, as noted succinctly in its title. 

You mention that there have been several pt^crs published that disagree with the 
conclusions of papers published by Mann, Bradley and Hughes. This should come as no 
surprise. That is the nature of scientific acthdiy. We publish a paper, and others may point 
out why its conclusions or methods might be wrong. We public the results of additional 
studies that may argue with those critics, and provide data that migfat support or modify 
our original conclusions. That’s normal. Scientific developments generally take place 
incrementally, one or two steps forward, perb^s one or two back.. .or perhaps a little to 
the side. But as tune goes cz:, robust results generally become accqjted as other studies 
come to similar conclusions using perhaps different data, difi^ent q)proaches, dififerem 
starting points. That is \riiere we now stand with respect to our conclusion that the recent 
warming is unprecedented wifiiin the context of (at least) the last 1000 years. Others rC' 
examined our methods and our data and came to the same conclusions that we did. Others 
have used difierent data and different methods, but also reached the same conclusion. This 
scientific approach, following well-established procedures involving the courteous 
exchange of views, both informally in scientific meetings and formally in the scientific 
literature, is what moves sckocc forward. It does not move forward through editorials or 
articles in the Wall Street Journal or USA Today', it does not advance through ad hommem 
attacks on individual scientists in the Congress of the United States; it does not move 
forward through novelists deciding that they can sort the problem out by fleeting 
references to scientific pepers within the pages of fiction. The problem of climate change 
will be documented through patient and careful analysis, carried out by those with the 
scientific background necessary to understand the problenL 

My re^onses to your specific questions are as follows: 

1. My curricuhim vitae is enclosed. It lists over 140 papers and 11 books that 1 have 
written, co-authored or edited over the past ~30 years. Where appropriate, the 
source of funding for the research underlying the various p^rs can be found in the 
Acknowledgements section of each paper. 

2. A list of grants received for research can be found in my curriculum vitae. 

3. I have been a PJ. on awards made to the University of Massachusetts. I refer you 
to the Director of the Office of Grants and Contract Administration at the 
University for details of ^^agreements, adjustments, excqprions” etc, of which they 
have records. 

4. Some of the data used in my research is archived at the World Data Center for 
Paleoclimatology (WDC-A), Boulder, Colorado. Other data are also available to 
the general publk at NOAA or in other national data depositories around the worid. 
When I, or my students, have generated data sets they are generally sent to the 
WDC-A once the results have been published. This is the normal procedure 
followed in my field. If somebody is interested in specific data or procedures used, 
they generally write to me requesting that information. Data related to the Mann et 
al (1 998) pq>er are available at: 
fip://bolocene.ev5c.viiginia.edii/pub/MBH98 
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5. I get somewhere betweea 30,000 and 35,000 cnaails a year. These mcliide many 
inquiries about my research ranging from schoolchildicn doing projects, to college 
students and scientists carrying out their own research, to religioiis firndamentalists 
who wish to convince me that the end is nigh, I do not have time to respond to all 
requests but try to respond to as many inquiries as I can. 

6. McIntyre and McKitrick have criticized our work, claiming to have ‘‘audited” and 
“corrected” wdiat we did. In feet, they did neither. Had their article been subjected 
to an appropriate scientific review, it is unlikely that it would have been published. 
They then submitted their criticisms to Nauire; we responded to these through 
ext^sive correqwndence M/ith Naure. After reviewing their claims Nature chose 
not to publish them- They then submitted essentially ftie same criticisms to , 
Geophysical Research Letters, Tlie editors of this jouroal made an error by-aoi 
requesfing comments on the article from us (as Nature did). This is the nonnal 
procedure when the work of any author is directly criticizied; then (if recommended 
by reviewers) both the criticism and the re^onse are joints published for all to 
judge who is right; this pmeedure was not followed. If it had been, once again I 
believe the criticisms of McIntyre and McKitrick would probably not have been 
published. There is a veiy good guide to the issues involved at this web site: 
http://www.realclimate.org/mdgx.PhP?B=121 

This shows why their criticisms are erroneous and irrelevant to our basic 
conclusion that the recent warmiqg is unprecedented in the context of the last 1 000 
years, 

7. J had a very minor role in the last IPCC assessment, limited to reading draft 
sections of Chapter 2 and providing comments. 

i^Let me cdnclode bypointmg out that the paper which seems to be the focus of so much of 
your attention (Mam ei al, 1999) was entitl^ Northern Hemisphere temperatures during 
the past millennium: inferences, uncertainties, and limitations. In feet, a major point of the 
pqjer — which both you and others seem lo have overlooked — ^is that we were at pains in 
thisp£fper to point out the difficulties of drawing conclusions about the climate of the past 
millenniuxn. We recognize and estimate the uncertainties involved in such paleoclimatic 
reconstructions. If others choose to ignore those caveats, there’s not much we can do 
about it. Nevertheless, the estimates that we provided have proven to be quite robust and 
the ‘%vorkmg hypotberis” that we presented is now quite well supported by numerous other 
studies. 


Sincerely, 

Raymond S. Bradley 
Univeishy Distinguished Professor 
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U.S. Project Leader, Paleoclimatology, Working Group 8: U.S./Russia 
Convention on Protection of the Environment. 

NOAA Climate and Global Change Advisory Panel. 

Evaluation committee: Swedish National Research Council: National 

research in physical geography 

Secretary, INQUA Paleoclimate Commission 

Member of the Inter-Governmental Panel on Climate Change 

(I.P.C.C.) 

PALE (Paleoclimate of Arctic Lakes and Estuaries) Steering Committee 
Chairman, National Geophysical Data Center (NOAA) Paleoclimate 
Advisory Panel 

U.S. delegate. Working Group 8: U.S./U.S.S.R. meeting on 
development of data sets for detecting climatic change, Obninsk, 

U.S.S.R. 

American Quaternary Association: Council Member. 

U.S. delegate to Working Group 8, Project 1 1 of the U.S./U.S.S.R. 
Bilateral Agreement on Protection of the Environment ''Meeting of 
Experts on Causes of Recent Qimatic Change'f Leni ngrad, U.S.S.R. 
National Research Council, National Academy of Sciences: Committee 
on Monitoring and Assessment of Trends in Acid Deposition. 

American Meteorological Society: Committee on Climatic Variations. 
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Field Experience 


Siumner 2005 

Summer 2002 
Summer 2001 

Summer 2000 

Summers 1990 to 1999 

Summer 1988 
Fall 1987 
Summer 1986 
Winters, 1982, 1984, 1985 
Summers 1982, 1983 
Summer 1978, 1981 
Summers 1975, 1976, 1978 
Summer 1970, 1972 
Summer 1971 


Northern Ellesmere Island, Nunavut, Canada: paleoclimatic 
significance of laminated lake sediments (Murray Lake). 
Kilimanjaro, Tanzania: meteorology on the Northern Icefield. 
Lofoten Islands, northwestern Norway: lake sediment collection late 
Holocene paleoclimatic reconstruction. 

Northeastern Ellesmere Island: energy balance and topoclimatic 
studies of the Hazen Plateau (Murray and Simmonds Ice Caps). 
Northern Ellesmere Island and Cornwallis Island, N.W.T. Canada: 
paleoclimatic significance of laminated lake sediments. 

Central China: chronology and paleoclimatic aspects^ 

loess/paleosol sequences. 

Cornwallis Island, N.W.T., Canada: lake sediment collection fi-om 
Sophia Lake for late Holocene paleoclimatic reconstruction. 
Czechoslovakia and Austria: chronology and paleoclimatology of 
loess/paleosol sequences. 

Northern Ellesmere Island: lake sediment collection for Holocene 
paleoclimatic reconstruction. 

Venezuelan Andes: collection of lake sediments fi-om high elevation 
basins. 

Northeastern Ellesmere Island and northwestern Greenland: energy 
balance and topoclimatic studies of Hazen Ice Cap 
Northeastern Ellesmere Island, N.W.T., Canada: paleoclimatology 
and glacial history of Beaufort Lakes area. 

Northeastern Ellesmere Island, N.W.T., Canada: glacial and climatic 
history of Archer Fiord/Judge Daly Promontory. 

Eastern BaflSn Island, N.W.T., Canada: sea-ice energy budget and 
glacier mass balance study, east coast of Cumberland Peninsula. 
Northeastern Ellesmere Island, N.W.T., Canada: field assistant, 
glacial history of Hazen Plateau. 



320 


R.S. Bradley: 

Curriculum Vitae 7/14/2005 





RESEARCH GRANTS 



Period 

Agency 

Title 

Total Funds 

Co-P.I. 

2005-2009 

NSF 

Collaborative research: a synthesis of the last 
2000 years of climatic variability from Arctic 
lakes 

$193,098 

Francis 

2004-2007 

DOE 

Regional-scale climate variability on decadal 
to multi-century timescales 

$286,489 


2004-2007 

NSF 

High-Resolution Studies of High Arctic 
Paleoclimate from Varved Lake Sediments. 

$425,147 


2003-2005 

NOAA 

A 1 9“* century data catalog for New England 
and adjacent states 

$194,001 


2003-2005 

NOAA 

Climatic conditions in East Africa and Arabia: 

$236,055 

Vuille 



implications for paleoclimatic interpretations 






climate variability over the last 1-2 millennnia 


' *****"’ 

2001-2004 

DOE 

Regional-scale climate variability on decadal 
to century timescales 

$272,229 


2001-2003 

NSF 

Lake sediment paleoclimate research in the 
Lofoten Islands, Arctic Norway 

$60,019 

Francus 

2000-2002 

NSF 

Stable isotope variability in precipitation at 
low-latitude sites 

$254,653 

Vuille 

2000-2001 

U. Va 

Multiproxy climate reconstruction 

$33,889 


1999-2001 

NSF 

The Late Quaternary water balance 
of the Venezuelan Andes 

$335,477 

Abbott 

1999-2002 

NSF 

Land-atmosphere-ice and snow 
interactions in the High Arctic 

$538,727 

Hardy 

1998-2001 

DOE 

Validation of decadal to multi-century 
climate predictions 

$450,000 

Diaz 

1997-2002 

NSF 

High resolution lake sediment studies 
for paleoclimatic reconstruction 

$637,096 


1999-2000 

NSF 

Solar influences on cloud formation 
and global temperature 

$55,335 


1996-1999 

NSF 

Patterns of interannual climate variability 

$137,000 


1997-99 

NSF 

Precipitation variability in the Inter- 
Tropical Andes 

$142,848 


1996-97 

NASA 

Meteorological studies. Windy Dome 

Ice Cap, Franz- Josef Land 

$31,000 


1996-99 

NOAA 

Meteorological studies, Sajama Ice 

Cap, Bolivia 

$170,007 


1996-97 

N.S.F. 

Workshop on climate variability in 

the Americas from high elevation ice cores 

$49,937 


1995-98 

D.O.E. 

Climate system studies 

$587,000 

Diaz 

1994-97 

N.S.F. 

Paleoclimate from Arctic lake sediments 

$300,000 


1993-94 

D.O.E. 

Records of recent climatic 
— change in northern Canada 

$ 85,000 


1993-94 

National 
Geog. Soc. 

Climate of the last millennium 
from Arctic lake sediments 

$ 18,500 


1991-96 

N.S.F. 

Analysis of rapid and 

recent climatic change (ARRCC) 

$286,000 


1991-94 

D.O.E. 

Diagnostic studies of climate variability 

$640,681 

Diaz 

1990-92 

NOAA 

Climatic fluctuations of 

Monsoon Asia since A.D. 1600 

$71,600 

Hughes, 

Thompson 
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Monsoon Asia since A.D. 1600 


Thompson 

1990-93 

N.S.F. 

Paleoclimatic significance of laminated 
lake sediments from the Canadian High Arctic 

$299,997 


1990-91 

NOAA 

Precipitation history of Massachusetts 

$ 15,000 


1990-91 

D.O.E. 

Scientific workstation 

$ 27,040 


1988-91 

D.O.E. 

Climate system research 

$526,541 

Diaz, Kelly 

1987-91 

N.S.F. 

Chronology and paleoclimatology 
loess deposits in central China 

$246,500 

McCoy 

1985-87 

N.S.F. 

Evolution of Arctic lacustrine environments 

$162,000 

Yuretich 

1985-88 

D.O.E. 

Studies of climatic variability 

$484,000 

Diaz, Kelly, Jones 

1983-86 

N.S.F. 

Late Quaternary climatic variations 
in the Venezuelan Andes 

$101,000 

Yuretich 

1984-85 

N.S.F. 

Equipment for lake sediment studies 

$ 50,000 


1981-84 

D.O.E. 

Climate of the Northern Hemisphere 1851 

$408,550 

Diaz, 



-1900 compared to contemporary climate 


Jones ,Kelly 

1981-83 

N.S.F. 

Climatic fluctuations of nonhernmost 

North America 

$128,000 

England 

1977-79 

N.S.F. 

Secular climatic history of the arid and 

$ 65,000 



semi-arid western U.S. 


2005 

2005 

2004 

2004 

2004 

2004 

2004 

2004 

2003 

2003 

2003 

2003 

2003 


INVITED/KEYNOTE TALKS (LAST 2 YEARS) 

Walter Orr Roberts Memorial Lecture, Aspen Global Change Institute, July 1 8 
(invited) 

Taafe lecture; Department of Geography, Ohio State University (invited): Feb. 17 
Institute of Geographical Sciences, Chinese Academy of Sciences, (invited) 
Beijing, China, Nov. 18 

International Conference on Environmental Processes of East Eurasia: Past, 
Present and Future (keynote), Xi’an, China, Nov. 15-17. 

European Science Foundation HOLIVAR (Holocene Climate Variability) 
Workshop (invited), Kastanienbaum, Svdtzerland, Sept. 23-25. 

Bjerknes Centenary Symposium on “Climate Change in High Latitudes” (keynote): 
Bergen, Norway; Sept. 1-3. 

Symposium on Mountain Climate Sciences (invited): Lake Tahoe, California, May 
25-27. 

Conference on Tree Rings and Climate: Sharpening the Focus (keynote): 

Tucson, Arizona, April 6-9. 

GCOS Regional Workshop for South America, Santiago, Chile (invited) October 
14-16. 

Conference on Global Change Research in Mountain Biosphere Reserves (invited), 

Entlebuch Biosphere Reserve, Switzerland, 10- 1 3 N ovem ber. 

IMAGES Holocene Workshop (invited); Hafslo, Norway, Aug 27-30. 

International Quaternary Association Congress (keynote): Reno, Nevada, 
American Meteorological Society conference on Polar Meteorology (keynote): 
Hyannisport, Massachusetts 
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PUBLICATIONS 

A. BOOKS AND EDITED VOLUMES 


Diaz, H.F. and R.S. Bradley (eds.), 2004. The Hadley Circulation, Present, Past and Future. 
Kluwer Academic, Dordrecht, 511pp. 

Alverson, K., R.S. Bradley and T.F. Pedersen (eds.), 2003. Paleoclimate, Global Change and 
the Future. Springer Verlag, Berlin, 220pp. 

Bradley, R.S. and N.E. Law, 2001. Climate Change and Society. Stanley Thornes, 
Cheltenham, 104pp. 

Alverson, K., F. Oldfield and R.S. Bradley (eds.), 1999. Past Global Changes and their 


Bradley, R.S., 1999. Paleoclimatology: Reconstructing Climates of the Quaternary. 

Academic Press, San Diego, 610pp. [reprinted 2005] 

Diaz, H.F., M. Beniston and R.S. Bradley, 1997. Climatic Change at High Elevation Sites. 
Kluwer Academic, Dordrecht, 298pp. 


Jones, P.D., R.S. Bradley and J. Jouzel, (eds.), 1996. Climate Variations and Forcing 
Mechanisms of the Last 2000 years. Springer- Verlag, Berlin, 649pp. 

Bradley, R.S. and Jones, P.D. (eds) 1992. Climate Since A.D. 1500. Routledge, London. 

679pp. {Revised edition, 1995, with additional chapter, 706pp). 

Bradley, R.S. (ed.) 1991. Global Changes of the Past. University Corporation for 
Atmospheric Research, Boulder, 514pp. 

Bradley, R.S., 1985. Quaternary Paleoclimatology: Methods of Paleoclimatic 
Reconstruction. Chapman and Hall, London, 472 pp. 

Bradley, R.S., 1976. The Precipitation History of the Rocky Mountains. Westview Press, 
Boulder, 336 pp. 


B. JOURNAL ARTICLES AND BOOK CHAPTERS 

Bradley, R.S. and Miller, G.H., 1972: Recent climatic change and increased glacierization in the 
eastern Canadian Arctic. Nature, 237, 385-387. 

Bradley, R.S, 1972: The problem of inversions in estimating the height of glaciation limits in 
Arctic regions. Arctic and Alpine Research, 4(4), 359-360. 

Andrews, J.T., Bany, R.G., Bradley, R.S., Miller, G.H. and Williams, L.D., 1972: Past and 
present glaciological responses to climate in eastern Baffin Island. Quaternary 
Research, 2(3), 303-314. 

Jacobs, LD„ BaiTy, R.G., Bradley, R.S^and 1972: Glaciological and 

meteorological studies on the Boas Glacier, Bafiin Island, for two contrasting seasons. 

WMO/UNESCO/IASH Symposium on the Role of Snow and Ice in Hydrology 
Banfl^ Vol. 1,371-382. 

Bradley, R.S., 1973: Seasonal climatic fluctuations on Baffin Island, N.W.T. during the period of 
instrumental records. Arctic, 26(3), 230-243. 
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Bradley, R.S. and Barry, R.G., 1973: Secular climatic fluctuations in southwestern Colorado. 
Monthly Weather Review, 101(3), 264-270. 

Bradley, R.S., 1973: Recent freezing level changes and climatic deterioration in the Canadian 
Arctic archipelago. Nature, 243, 398-400. 

Miller, G.H., Bradley, R.S. and Andrews, J.T., 1975: Glaciation level and lowest equilibrium line 
altitude in the High Canadian Arctic: maps and climatic interpretation. Arctic and 
Alpine Research, 7(2), 155-168. 

Bradley, R.S. and Barry, R.G., 1975: Secular fluctuations of precipitation in the Rocky Mountain 
region. In: Proceedings of the WMO/IAMAP Symposium on Long-Term Climatic 
Fluctuations (WMO No. 421), Norwich, England, 215-222. 

Bradley, R.S., 1975: Equilibrium line altitudes, mass balance and freezing level heights in the 
Canadian High Arctic. Journal of Glaciology, 14 (71), 267-274. 

^ur r^r P Ct ^ R rndlpy R S f^nfi Jac ^h s^ J D. , 1975: Synoptic climatological studies of the Baffin 
Island area, p. 82-89, in: Climate of the Arctic, Weller, G. and Bowling, S.A. (eds.). 
Geophysical Institute, University of Alaska, Fairbanks. 

Miller, G.H. and Bradley, R.S., 1976: Geology, Ice and Climate. Chapter 1, in: The Land That 
Never Melts: Auyuittuq National Park, Wilson, R. (ed.), Ottawa: Parks Canada, (also 
French translation: Au Pays des Glaces Eternelles), p. 14-76. 

Bradley, R.S., 1976: Seasonal precqjitation fluctuations in the western United States during the 
late nineteenth century. Monthly Weather Review, 104, 501-512. 

Bradley, R.S., 1976: Secular changes of precipitation in the Rocky Mountain States. Monthly 
Weather Review, 104, 513-523. 

Joyner, S.A., Jr., Dorrier, R.T. and Bradley, R.S., 1976: Energy conservation: a topoclimatic 
approach, in: Decision Making in Solar Technology, Proceedings of the New England 
Solar Energy Association, 1st Annual Conference, Amherst, 269-280. 

Joyner, S.A., Jr., Bradley, R.S. and Reiter, R.E., Jr., 1977: Topoclimatic aspects of 

developmental suitability in the metropolitan landscape. Proceedings of Conference on 
the Metropolitan Physical Environment, USDA Forest Service General Technical 
Report, NE-25, 163-171. 

Barry, R.G., W.H. Arundale, J.T. Andrews, R.S. Bradley and H. Nichols, 1977. Environmental 
change and cultural change in the eastern Canadian Arctic during the last 5000 years. 
Arctic and Alpine Research, 9, 193-210. 

England, J. and Bradley, R.S., 1978: Past glacial activity in the Canadian High Arctic. Science, 
200, 265-270. 

Bradley, R.S. and England, J., 1978: Influence of volcanic dust on glacier mass balance at high 
latitudes. Nature, 271, 736-738. 

England, J., Bradley, R.S. and Miller, G.H., 1978: Former ice shelves in the Canadian High 
Arctic. Journal of Glaciology, 20, 393-404. 

Bradley, R.S. and England, J., 1978: Recent climatic fluctuations of the Canadian High Arctic 
and their significance for glaciology. Arctic and Alpine Research, 10, 715-731. 

Bradley, R.S. and England, J., 1979: S)moptic climatology of the Canadian High Arctic. 
Geografiska Annaler, 61 A, 187-201. 

Bradley, R.S., 1980: Secular fluctuations of temperature in the Rocky Mountain states and 

comparison with precipitation fluctuations. Monthly Weather Review, 108, 873-885. 
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England, J., Bradley, R.S. and Stuckenrath, R., 1981: Multiple glaciations and marine 
transgressions, western Kennedy Channel, N.W.T., Canada, Boreas, 10, 71-89. 

Barry, R.G., Kiladis, G. and Bradley, R.S., 1981: Synoptic climatology of the Western United 
States in relation to climatic fluctuations during the twentieth century. Journal of 
Climatology, 1, 97-113. 

Young, M. and Bradley, R.S., 1984: Insolation gradients and the paleoclimatic record, p. 707- 
713, in: Milankovitch and Climate, Volume 2, Imbrie, J., Kukla, G. and Saltzmann, B. 
(eds.), Dordrecht: D. Reidel. 

Eischeid, J., Bradley, R.S. and Shao, X.M., 1985: Secular climatic fluctuations in the Great Salt 
Lake Basin, p. 1 1 1-1 12, in: Problems of and Prospects for Predicting Great Salt Lake 
Levels, Kay, P. and Diaz, H. (eds.) Center for Public Affirs and Administration, 

University of Utah, Salt Lake City. 

— Willifl m t ;^ T. D nnd B^lpy^ R S ^ 1985- Palmrli Tnatolog y of Raffin R a y, p. 741-772. in: 

Quaternary Environments: The Eastern Canadian Arctic, Baffin Bay and West 
Greenland, Andrews, J.T. (ed.), Boston: G. Allen and Unwin. 

Bradley, R.S., Yuretich, R., Salgado-Labouriau, M.L. and Weingarten, B., 1985: Late 

Quaternary paleoenvironmental reconstruction using lake sediments from the Venezuelan 
Andes: preliminaiy results. Zeitschrift fur Gletscherkunde und Glazialgeologie, 21, 
97-106. 

Bradley, R.S. and Jones, P.D., 1986: Data bases for detecting C02-induced climatic change. 
Chapter 2, in: Detection of C02'Induced Climatic Change, MacCracken, M. and 
Luther, F. (eds.), U.S. Department of Energy, Washington, D.C. 

Bradley, R.S., 1986: Uncertainties in trends in acid deposition: the role of climatic fluctuations, 
in: Acid Deposition: Long term trends, National Academy Press, Washington, D.C., p. 
93-108. 

Jones, P.D., Raper, S.C.B., Bradley, R.S., Diaz, H.F., Kelly, P.M. and Wigley, R.M.L., 1986: 

Northern Hemisphere surface air temperature variations, 1851-1 984. Journal of Climate 
& Applied Meteorology, 25, 161-179. 

Bradley, R.S., Diaz, H.F., Jones, P.D. and KeUy, P.M., 1987: Secular climatic fluctuations of 

temperature over Northern Hemisphere land areas and mainland China since the mid- 19th 
century, in: The Climate of China and Global Climate, (eds. Ye Duzheng, Fu Congbin, 
Chao Jiping and M. Toshino) China Ocean Science Press, Beijing, p. 76-87. 

Bradley, R.S. and Serreze, M.S., 1987: Mass balance studies of two high Arctic plateau ice caps. 
Journal of Glaciology, 33, 123-128. 

Bradley, R.S. and Serreze, M.C., 1987: Topoclimatic studies of a High Arctic plateau ice cap. 
Journal of Glaciology, 33, 149-158. 

Serreze, M.C. and R.S. Bradley, 1987: Radiation and cloud observations on a High Arctic 
plateau ice cap. Journal of Glaciology, 33, 162-168. 

Bradle y, R.S., Diaz, H.F., Oadis, G.N. and Eischeid, J.K., 1987: ENSO signal in continental 
temperature and precipitation records. Nature, 327, 497-50 1 . 

Bradley, R.S., Diaz, H.F., Eischeid, J.K., Jones, P.D., Kelly, P.M. and Goodess, C.M., 1987: 
Precipitation fluctuations over Northern Hemisphere land areas since the mid- 19th 
century. Science, 237, 171-175. 

Bradley, R.S., 1988: The explosive volcanic eruption signal in northern hemisphere continental 
temperature records. Climatic Change, 12, 221-243. 
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Diaz, H.F., Bradley, R.S. and Eischeid, J.L., 1989: Precipitation fluctuations over global land 
areas since the late 1800s. Journal of Geophysical Research, 94, Dl, 1195-1210. 

Retelle, M.J., Bradley, R.S. and Stuckenrath, R., 1989: Relative sea-level chronology determined 
from raised marine sediments and coastal isolation basins, northeastern Ellesmere Island, 
Arctic Canada. Arctic and Alpine Research, 21, 1 13-125. 

Bradley, R.S., 1989: Recent developments in Quaternary paleoclimatology. In: Climate and the 
Geosciences, Berger, A. e/a/.,(ed) Kluwer, Dordrecht, p. 165-171 . 

Weingarten, B., Yuretich, R.F., Bradley, R.S. and Salgado-Labouriau, M-L., 1989: 

Characteristics of sediments in an altitudinal sequence of lakes in the Venezuelan Andes: 
climatic implications. Journal of South American Earth Sciences, 3, 113-124. 

Karl, T.R., Tarpley, D., Quayle, R.G., Diaz, H.F., Robinson, D.A. and Bradley, R.S., 1989: The 
recent climate record: what it can and can not tell us. Reviews of Geophysics, 27, 405- 

4 3 0. 

Bradley, R.S. andP.Ya. Groisman, 1990. Continental scale precipitation variations. In: 

Precipitation Measurements (Ed. B. Sevnik). Swiss Federal Institute of Technology, 
ETH, Zurich, 499-503. 

Bradley, R.S., 1990: Holocene paleoclimatology of the Queen Elizabeth Islands, Canadian High 
Arctic. Quaternary Science Reviews, 9, 365-384. 

Karl, T., Vinnikov, K., and Bradley, R.S., 1990: Recent global climate trends. In: Prospects for 
Future Climate (eds. M.C. MacCracken, A.D. Hecht, M.I. Budyko and Y.A. Izrael) 
Lewis Publishers, Chelsea, Michigan, p.35-63. 

Weingarten, B., Yuretich, R.F., Bradley, R.S. and Salgado-Labouriau, M.L., 1990: 

EnvironmentaUy-controUed variations in clay mineral assemblages from lake sediments in 
the Venezuelan Andes. In: Farmer, V.C and Tardy, Y (eds.) Proc. 9th International 
Clay Conference, Strasbourg, Sci. Geol., Mem., 88, 53-61. 

Bradley, R.S. and Eddy, J.A., 1991: Records of past global changes. In: Global Changes of the 
Past (ed. R.S. Bradley) University Corporation for Atmospheric Research, Boulder, p.5-9. 

Bradley, R.S., 1991 : Instrumental records of past global change: lessons for the analysis of non- 
instrumental data. In: Global Changes of the Past (ed. R.S. Bradley) University 
Corporation for Atmospheric Research, Boulder, p. 103-1 16. 

Bradley, R.S., and 14 others, 1991: Global change: the last 2000 years. In: Global Changes of 
the Past (ed. R.S. Bradley) University Corporation for Atmospheric Research, Boulder, 
p.11-24. 

Bradley, R.S, 1991: Pre-instrumental climate: how has climate varied during the past 500 years? 
In: Greenhouse Gas-induced Climatic Change (ed. M.Schlesinger) Elsevier, p.391-4I0. 

Bradley, R.S. and Jones, P.D., 1992: Climate since A.D. 1500: Introduction. In: Climate Since 
A.D. 1500, (eds. R.S. Bradley and P.D. Jones) Routledge, London, p.1-16. 

Jones, P.D. and Bradley, R.S., 1992: Climatic variations in the longest instrumental records. In: 
Climate Since A.D. 1500, (eds. R.S. Bradley and P.D. Jones) Routledge, London, p.246- 
268. 

Bradley, R.S. and Jones, P.D., 1992: Records of explosive volcanic eruptions over the last 500 
years. In: Climate Since A.D. 1500, (eds. R.S. Bradley and P.D. Jones) Routledge, 
London, p. 606-622. 

Jones, P.D. and Bradley, R.S, 1992: Climatic variations over the last 500 years. In: Climate 
Since A.D. 1500, (eds. R.S. Bradley and P.D. Jones) Routledge, London, p.649-665. 
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Bradley, R.S., and Jones, P.D., 1992: When was the "Little Ice Age"? In: Proceedings, 

International Symposium on the Little Ice Age Climate, (ed. T. Mikami) Tokyo 
Metropolitan University, Tokyo, Japan, 1-4. 

Jones, P.D. and Bradley, R.S.^ 1992: Global-scale temperature changes during the period of 

instrumental records. In: Proceedings, International Symposium on the Little Ice Age 
Climate, (ed. T. Mikami) Tokyo Metropolitan University, Tokyo, Japan, 253-259. 

Bradley, R.S., Keimig, F.T. and Diaz, H.F., 1992: Climatology of surfece-based inversions in the 
North American Arctic Journal of Geophysical Research-Atmospheres, 97, D14, 
15,699-15,712. 

Salgado-Labouriau, M.L., Bradley, R..S., Yuretich, R.F. and Weingarten, B., 1992: 

Paleoecological study of Lake Mucubaji sediments, Venezuelan Andes. Journal of 
Biogeography, 19,31-. 

~~Bradley. R:S.. K e imig. F.T. and Diaz. H.F.. 1992: Recent changes in the Arr.tir . hnn ndaTy layesr in 
winter. Journal of Geophysical Resea rch-Atmospheres, 97, D5, 8851-8858. 

Bradley, R.S., and 10 others: 1993: Evaluating strategies for reconstructing global changes: what 
and where are the gaps? In: Global Changes in the Perspective of the Past. (eds. J. 
Eddy and H. Oeschger) J. Wiley, p. 145-171. 

Bradley, R.S. and Jones, P.D., 1993: "Little Ice Age" summer temperature variations: their 
nature and relevance to recent global warming trends. The Holocene 3, 367-376. 

Bradley, R.S., 1993: High resolution paleoclimatic records from Monsoon Asia. EOS, 74, 601, 
603-604. 

Bradley, R.S., (ed.) 1993: High Resolution Records of Past Climate from Monsoon Asia: 

The Last 2000 years and Beyond: Recommendations for Research. IGBP PAGES 
Workshop Report Series 93-1, Bern, Switzerland. 

Bradley, R.S., Ahem, L.G., and Keimig, F.T., 1994: A computer-based atlas of global 

instrumental climate data. Bulletin of the American Meteorological Society, 75, 35-41. 
(plus CD-ROM: Atlas of Global Instrumental Climate Data, Version 1.0) 

Bradley, R.S., 1994: Reconstmetions of climate from A.D. 1000 to the present. In: 

Contemporary Climatology, (eds. R, Br^dil and M. Kol^) International Geographical 
Union, Bmo, Czech Republic, p. 12-21. 

Anderson, P., Andrews, J., Bradley, R.S., Brubaker, L., Edwards, M., Finney, B., Grootes, P,, 
Lozhkin, A., Macdonald, G., Miller, G., Overpeck, J., Smol, J., Velichko, A. and 
Williams, K., 1994: Research Protocols for PALE: Paleoclimates of Arctic Lakes and 
Estuaries. PAGES Worksop Report 94-1, IGBP/PAGES, Bern, Switzerland, 53pp. 

Bradley, R.S. and Jones, P.D., 1995: Recent developments in studies of climate since A.D. 1500. 
In: Climate Since A.D. 1500 [Revised Edition] (eds. R.S. Bradley and P.D. Jones). 
Routledge, London, 666-679. 

Bradley, R.S., 1994: Perspectives on the climate of the last 500 years. In: The Solar Engine 
and its Influence o^Teirestrial Atmosphere and Climate E. Nesme-Ribes) 
Springer-Verlag, Berlin, 437-448. 

Bradley, R.S., 1994. Reconstructions of climate from A.D. 1000 to the present. In Global 
Change, A. Speranza, S. Tibaldi and R. Fantechi (eds) European Commission, 
Luxembourg, 123-137. 

Woodcock, H. and Bradley, R.S., 1994: Salix arctica (Pall.): its potential for 

dendrochronological studies in the High Arctic. Dendrochronologia, 12, 1 1-22. 
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Duplessy, J-C, Bradley, R.S. and Briffa, K., 1994: Panel Discussion on Paleoclimate Data. In: 
The Solar Engine and its Influence on Terrestrial Atmosphere and Climate (ed. £. 
Nesme-Ribes) Springer- Verlag, Berlin, 465-478. 

Mann, M.E., J. Park, and R.S. Bradley, 1995: Global inter-decadal and centuiy-scale climate 
oscillations during the past five centuries. Nature, 378, 266-270. 

Bradley, R.S., J-C. Duplessy, J. Dodson, F. Gasse, T-S. Liu and V. Markgraf, 1995: PANASH 
science and implementation plan. In: Paleoclimates of the Northern and Southern 
Hemispheres: The PANASH Project: The Pole-Equator-Pole Transects. PAGES 
Series 95-1, IGBP/PAGES, Bern, Switzerland, 1-19. 

Lean, J., J. Beer and R.S. Bradley. 1995: Reconstruction of solar irradiance since A.D. 1600: 
implications for climate change. Geophysical Research Letters, 22, 3195-3198. 

Diaz, H.F. and Bradley, R.S., 1995: Documenting natural climatic variations: how different is the 

climate nf the 20th P f^ ntnry fr o m that nf prp jidons r.Pintnriffs? In; Natural Ciimatg 

Variability on Decade-to-Century Time Scales. D.G. Martinson, K. Bryan, M. Ghil, 
M.M. Hall, T.M. Karl, E.S. Sarachik, S. Sorooshian, and L.D. Talley (eds). National 
Academy Press, Washington D.C., 17-29. 

Bradley, R.S., 1996: Are there optimum sites for global paleotemperature reconstruction? In: 
Climate Variations and Forcing Mechanisms of the Last 2000 years. (P.D. Jones, 

R.S. Bradley and J. Jouzel, eds.) Springer- Verlag, Berlin, 603-624. 

Bradley, R.S.^ M.J. Retelle, S.D. Ludlam, D.R. Hardy, B. Zolitschka and S.F. Lamoureux, 1996: 
The Taconite Inlet Lakes Project: a systems approach to paleoclimatic reconstruction. 
Journal of Paleolimnology, 16, 97-1 10. 

Hardy, D.R., R.S. Bradley, and B. Zolitschka, 1996: The climatic signal in varved sediments fi’om 
Lake C-2, northern Ellesmere Island, Canada. Journal of Paleolimnology, 16, 227-238. 

Lamoureux, S.F. and R.S. Bradley, 1996: A late Holocene varved sediment record of 
environmental change from northern Ellesmere Island, Canada. Journal of 
Paleolimnology, 16, 239-255, 

Barnett, T.P., B.D. Santer, P.D, Jones, R.S. Bradley and K,R, Brifi^ 1996: Estimates of low 
frequency natural variability in near-surface air temperature. The Holocene, 6, 255-263. 

Hardy, D. and R.S. Bradley, 1997: Climatic change in Nunavut. Geoscience Canada 23, 217- 
224, 

Groisman, P.Ya, E.L Genikhovich, R.S. Bradley and B,M, Ilyin, 1997: Assessing siuface- 

atmosphere interactions using former Soviet Union standard meteorological network data. 
Part II. Cloud and snow cover effects. Journal of Climate, 10, 2184-2199. 

Beniston, M., H.F. Diaz and R.S. Bradley, 1997: Climatic change at high elevation sites: an 
overview. Climatic Change, 21, 1-19. 

Diaz, H.F. and R.S. Bradley, 1997: Temperature variations during the last century at high 
elevation sites. Climatic Change, 21, 21-47. 

Overpeck, J., K. Hughen, D. Hardy, R.S. Bradley, R. Case, M. Douglas, B. Finney, K. Gajewski, 
G. Jacoby, A. Jennings, S. Lamoureux, A. Lasca, G. MacDonald, J. Moore, M. Retelle, S. 
Smith, A. Wolfe, G. Zielinski, 1997: Arctic environmental change of the last four 
centuries. Science, 278, 1251-1256. 

Mann, M., R.S. Bradley and M.K. Hughes, 1998: Global scale temperature patterns and climate 
forcing over the past six centuries. Nature, 392, 779-788. (also: Science, 280, 2029- 
2030). 
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Vuille, M., D.R. Hardy, C.Braun, F.T. Keimig and R.S. Bradley^ 1998: Atmospheric circulation 
anomalies associated with 1996/1997 summer precipitation events on Sajama Ice Cap, 
Bolivia. Journal of Geophysical Research, 103D, 1 1191-1 1204, 

Hardy, D.R., M. Vuille, C. Braun, F.T. Keimig and R.S. Bradley, 1998: Annual and daily 

meteorological cycles at high altitude on a tropical mountain. Bulletin of the American 
Meteorological Society 79, 1899-1913. 

Mann, M.E., R.S. Bradley, and M.K. Hughes, 1999: Northern Hemisphere temperatures during 
the past millennium: inferences, uncertainties, and limitations. Geophysical Research 
Letters, 26, 759-762. 

Vuille, M., D.R. Hardy and R.S. Bradley, 1999: El impacto de los fenomenos El Nino/La Niiia en 
la region del Nevado Sajama, Bolivia. Seminario El Fendmeno de El Nino en Bolivia, 
La Paz (in press). 

fluxes over northern Eurasia. Interactions between the cryosphere and greenhouse gases. 
lASH publication 256, 19-25. 

Groisman, P. Ya, R.S. Bradley and B. Sun, 2000 The relationship of cloud cover to near-surface 
temprature and humidity: comparison of GCM simulations with empirical data. J. 

Climate 13, 1858-1878. 

Vuille, M., R.S. Bradley and F.T Keimig, 2000: Climate variability in the Andes of Ecuador and 
its relation to tropical Pacific and Atlantic sea surface temperatures. J. Climate 13, 2520- 
2535 

Bradley, R.S., 2000. Past global changes and their significance for the fiiture. Quaternary 
Science Reviews, 19, 391-402. 

Bradley, R.S., 2000. 1000 years of climate change. Science, 288, 1353-1354, 

Vuille, M., R.S. Bradley and F.T. Keimig, 2000. Interannual climate variability in the central 

Andes and its relation to tropical Pacific and Atlantic forcing. J. Geophysical Research, 
105D, 12447-12460. 

Mann, M.E., R.S. Bradley, and M.K. Hughes, M.K., 2000. Long-term variability in the El Nino 
Southern Oscillation and associated teleconnections. In: El Nino and the Southern 
Oscillation. Multiscale Variability and Global and Regional Impacts, (eds. H.F. Diaz 
& V. MarkgraQ. Cambridge University Press, Cambridge, UK., 357-412. 

Sun, B., P. Groisman, R.S. Bradley and F.Keimig, 2000. Temporal changes in the observed 

relationship between cloud cover and surface air temperature. J. Climate 13, 4341-4357. 

Mann, M.E., E. Gille, R.S. Bradley, M.K. Hughes, J.T. Overpeck, R.S. Webb, and F.T. Keimig, 
2000. Global temperature patterns in past centuries: an interactive presentation. Earth 
Interactions, 4-4, 1-29. 

Bradley, R.S., M.K. Hughes and M.E. Mann, 2000. Comments on “Detection and attribution of 
recent climate change: a status report”. Bulletin of the American Meteorological 
- Society^^^^ 

Vuille, M. and R.S. Bradley, 2000. Mean annual temperature trends and their vertical structure in 
the tropical Andes. Geophysical Research Letters, 27, 3885-3888. 

Braun, C., D.R. Hardy, R.S. Bradley and M. Retelle, 2000. Streamflow and suspended sediment 
transport into Lake Sophia, Cornwallis Island, Nunavut, Canada. Arctic, Antarctic and 
Alpine Research 32, 456-465. 
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Braun, C., Hardy, D.R., Bradley, R.S., and Retelle, MJ., 2000. Hydrological and meteorological 
observations at Lake Tuborg, Ellesmere Island, Nunavut, Canada. Polar Geography, 24, 
83-97. 

Vuille, M., D.R. Hardy, C. Braun, F.T. Keimig and R.S. Bradley^ 2001 : Climate variability on 

intraseasonal to interannual timescales on the Bolivian Altiplano with special emphasis on 
the Nevado Sajama region.. Ecologia en Bolivia - Revista del Instituto de Ecologia, 

35, 17-40. 

Weiss, H. and R.S. Bradley 2001. What drives societal collapse? Science, 291, 609-610. 

Alverson’K., R.S. Bradley, K.R. Brififa, J. Cole, M.K. Hughes, I. Larocque, T. Pedersen, L. 
Thompson and S. Tudhope, 2001. Disappearing evidence: the need for a Global 
Paleoclimate Observing System. Global Change Newsletter, 46, 2-6. 

Bradley, R.S,, 2001. Many citations support global warming trend. Science, 292, 2011. [letter] 

Brndlpy^ R K.R. Briffa. TJ Crow ley M K Hu gh es. P .D. .Tones, M.E. Mann. 2001. The 
scope of Medieval warming. Science, 292, 2011-2012. [letter] 

Alverson, K., R.S. Bradley, K.R. Briffa, J. Cole, M.K. Hughes, I. Larocque, T. Pedersen, L. 
Thompson and S. Tudhope, 2001. A Global Paleoclimate Observing System. Science 
293, 47-48. [letter] 

Braun, C., D.R. Hardy and R.S. Bradley, 2001. Recent recession of a small plateau ice cap, 
Ellesmere Island, Canada. J. Glaciology, 47, 154. 

Mann, M.E., R.S. Bradley, K. Briffa, J. Cole, M.K. Hughes, J.T. Overpeck, J.M. Jones, H. von 
Storch, M. Widmann, H. Wanner and S.L. Weber, 2001. Reconstructing Late Holocene 
climate. EOS, 82, 553. 

Alverson, K., R.S. Bradley and T. Pedersen, 2001. Environmental Variability and Climatic 
Change. IGBP Science, No.3, Stockholm. 31pp. 

Keimig, F.T. and R.S. Bradley, 2001. Recent changes in wind chill temperatures at high latitudes 
in North America. Geophysical Research Letters, 29, No. 8, 10. 1 029/200 IGLO 13228 

Waple, A.M., M.E. Mann and R.S, Bradley, 2001. Long-term patterns of solar irradiance forcing 
in model experiments and proxy-based surface temperature reconstructions. Climate 
Dynamics, 18, 563-578. 

Sun, B. and R.S. Bradley, 2002. Solar influences on cosmic rays and cloud formation: a re- 
assessment. J. Geophysical Research, 107, D14, 10.1 029/200 1JD0005 60. 

Bradley, R.S., 2002. Climate change — past, present and future: a personal perspective. In: 
Challenges of a Changing Earth. (Eds: W. Steffen, J. JSger, D.J. Carson and C. 
Bradshaw). Springer Verlag, Berlin, 109-112. [reprinted in Gaia, 10, 266-269]. 

Prohom, M.J. and R.S. Bradley, 2002. Anomalias de la precipitacion invemal en la Peninsula 

Iberica y Baleares despues de grandes erupciones volcanicas tropicales (1901-1 996). In: 

El Agua y el Clima (Eds: J.A. Guijarro, M. Grimalt, M. Laita and S. Alonso). 
Publicaciones de la Asociacion Espanola de Climatologia (AEC), Serie A, 3, 511-520. 

Francus, P., R .S. Bradley, M.B. Abbott, W. Patridge and F.Keimig, 2002. Paleoclimate studies of 
minerogenic sediments using annually resolved textural parameters. Geophysical 
Research Letters 29, No. 20, 1998, doi:10.1029/2002GL0 15082. 

Bradley, R.S., K.R. Briffa, J. Cole, M.K. Hughes and T.J. Osborn, 2003: The climate of the last 
millennium. In: Alverson, K., R.S. Bradley and T.F. Pedersen (eds.) Paleoclimate, 

Global Change and the Future. Springer Verlag, Berlin, 105-141. 
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Bradley, R.S., K. Alverson and T.F. Pedersen, 2003. Challenges of a changing earth: past 
perspectives, future concerns. In: Paleoclimate, Global Change and the Future. 
(Alverson, K., R.S. Bradley and T.F. Pedersen, eds.). Springer Verlag, Berlin, 163-167. 
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the Tropical Americas, Part I: Interannual Variability and Climatic Controls. J. 
Geophysical Research-Atmospheres 108 No. D6; doi: 10.1 029/200 1JD00203 8. 
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2003. in precipitation over the Tropical Americas, Part II: simulation of the stable 
isotope signal in Andean ice cores. J. Geophysical Research-Atmospheres 108 No. D6; 
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Pacific sea surface temperatures. Geophysical Research Letters, 30, i 174-1 177; 
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temperature reconstructions using terrestrial borehole data. J. Geophysical Research- 
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Vuille, M., R.S. Bradley, M. Werner and F.T. Keimig, 2003. 20th century trends in climate in the 
tropical Andes. Climatic Change, 59, 75-99. 
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regions in the last 50 years. Climatic Change, 59, 33-52. 

Mann, M.E., Ammann, C.M., Bradley, R.S., BrifFa, K.R., Crowley, T.J., Jones, P.D., 

Oppenheimer, M., Osborn, T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, 
T.M.L., 2003. On past temperatures and anomalous late 20th century warmth. EOS, 84, 
July 8, 2003. 

Bradley, R.S., 2003. Climate forcing during the Holocene. In: Global Change in the Holocene: 
approaches to reconstructing fine-resolution climate change. (A.W. Mackay, R.W. 
Battarbee, H.J.B. Birks & F. Oldfield, eds.). Arnold, London, 10-19. 

Perren, B., R.S. Bradley and P. Francus, 2003. Rapid lacustrine response to recent High Arctic 
warming: a diatom record fi-om Sawtooth Lake, Ellesmere Island, Nunavut. Arctic, 
Antarctic and Alpine Research, 35, 271-278. 

Bradley, R.S., M.K Hughes and H.F. Diaz., 2003. Climate in Medieval Time. Science, 302, 404- 
405. 

Hardy, D.R., M. Vuille and R.S. Bradley, 2003. Variability of snow accumulation and isotopic 
composition on Nevado Sajama, Bolivia. J. Geophysical Research-Atmospheres 108, 
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Smith, S.V., R.S. Bradley and M.B. Abbott, 2004. A 300 year record of environmental change 
fi-om Lake Tuborg, Ellesmere Island, Nunavut, Canada. J. Paleolimnology 32, 137-148. 
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Sun, B. and R,S. Bradley, 2004. Reply to comment by N.D. Marsh and H. Svensmark on "Solar 
influence on cosmic rays and cloud formation: A reassessment". J. Geophysical 
Research-Atmospheres 109, doi:D 14206/1 0.1 029/2003 JD004479. 

Bradley, R.S., F.T. Keimig and H.F. Diaz, 2004. Projected temperature changes along the 

American Cordillera and the planned GCOS network. Geophysical Research Letters, 
31, doi:10.1029/2004GL020229. 

Braun, C., D.R.Hardy, R.S. Bradley and V. Sahanatien, 2004. Mass Balance of the Ward Hunt 
Ice Rise and Ice Shelf, Ellesmere Island, Nunavut, Canada. J. Geophysical Research- 
Atmospheres 109, D22110, doi:10.1029/2004JD004560. 

Francus, P., R.S. Bradley and J. Thurow, 2004. An introduction to image analysis, sediments and 
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Francus). Kluwer Academic, Dordrecht, 1-7. 
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2005. Proxy-based northern hemisphere surface temperature reconstructions: sensitivity 
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Pilcher, J., R.S. Bradley, P. Francus and L. Anderson, 2005. A Holocene tephra record from the 
Lofoten Islands, Arctic Norway. Boreas, 34, 136-156. 

Goosse, H., Renssen, H., Timmermann, A. and R.S. Bradley, 2005. Natural and forced climate 
variability during the last millennium: A model-data comparison using ensemble 
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Lewis, T., D.R. Hardy, P. Francus and R.S. Bradley, 2005. An extreme sediment transfer event in 
a Canadian High Arctic stream. Arctic, Antarctic and Alpine Research {in press). 
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altitude vegetation change during the last 15,000 years in the tropical Andes: the pollen 
record of Laguna Verde Alta, Venezuela. Quaternary Research {in press). 

C. RESEARCH MONOGRAPHS & TECHNICAL REPORTS 

Bradley, R.S. and England, J., 1977: Past Glacial Activity in the High Arctic. Department of 
Geology and Geography Contribution No. 3 1 , University of Massachusetts, Amherst. 1 84 

pp. 

Bradley, R.S., Bany, R.G. and Kiladis, G., 1982: Climatic Fluctuations of the Western United 
States During the Period of Instrumental Records. Department of Geology and 
Geography Contribution No. 42, University of Massachusetts, Amherst. 169 pp. 

Bradley, R.S (ed.) 1985: Glacial Geologic and Glacio-climatic Studies in the Canadian High 
Arctic. Department of Geology and Geography Contribution No. 49, University of 
Massachusetts, Amherst. 271 pp. 

Bradley, R.S., Kelly, P.M., Jones, P.D., Goodess, C.M. and Diaz, H., 1985: A Climatic Data 
Bank for Northern Hemisphere Land Areas, 1851-1980. Technical Report TR 017, 

U.S. Department of Energy, Washington, D.C. 335 pp. 
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Bradley, R.S., Eischeid, J.K. and Ives, P.T., 1987: The Climate of Amherst, Massachusetts, 
1836-1985. Occasional Paper No. 50, Dept, of Geology and Geography, University of 
Massachusetts, Amherst. 108 pp. 
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Data Set for Global Land Areas. Technical Report TR051, U.S. Department of Energy, 
Washington D.C., 82pp. 
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Dr. Malcolm K. Hughes 
Professor 

Laboratory of Tree-Ring Research 
The University of Arizona 
PO Box 210058 
Tucson, AZ 85721 


Dear Dr. Hughes: 


Questions have been raised, according to a February 14, 2005 article in The Wall Street 
Journal, about the significance of methodological flaws and data errors in studies you co-authored 
of the historical record of temperatures and climate change. We understand that the Maim, 
Bradley, Hughes studies of temperature proxy records (tree rings, ice cores, corals, etc.) formed the 
basis for a new finding in the 2001 United Nation’s Intergovernmental Panel on Climate Change 
(IPCC) Third Assessment Report (TAR). This finding - that the increase in 20* century northern 
hemisphere temperatures is “likely to have been the largest of any century during the past 1,000 
years” and that the “1990s was the warmest decade and 1998 the warmest year” - has since been 
referenced widely and has become a prominent feature of the public debate surrounding climate 
change policy. 

However, in recent peer-reviewed articles in Science, Geophysical Research Letters, and Energy 
& Environment, researchers question the results of this work. As these researchers find, based on the 
available information, the conclusions concerning temperature histories - and hence whether 
warming in the 20* century is actually unprecedented - carmot be supported by the Marm et. al. 
studies cited in the TAR. In addition, we understand fi-om the February 14 Journal and these other 
reports that researchers have failed to replicate the findings of these studies, in part because of 
problems with the underlying data and the calculations used to reach the conclusions. Questions 
have also been raised concerning the sharing and dissemination of the data and methods used to 
perform the studies. For example, according to the January 2005 Energy & Environment, such 
information necessary to replicate the analyses in the studies has not been made fully available to 
researchers upon request. 
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The concerns surrounding these studies reflect upon the quality and transparency of federally 
funded research and of the IPCC review process - two matters of particular interest to the 
Committee. For example, one concern relates to whether IPCC review has been sufficiently 
independent. We understand that you were a contributing author of the IPCC chapter that assessed 
and reported your own studies, and that two study co-authors were also contributors to this very 
same chapter. Given the prominence these studies were accorded in the IPCC TAR and your 
position and role in that process, we seek to learn more about the facts and circumstances that led 
to acceptance and prominent use of this work in the ffCC TAR and to understand what this 
controversy indicates about the data quality of key IPCC studies. 

As you know, sharing data and research results is a basic tenet of open scientific inquiry, 
providing a means to judge the reliability of scientific claims. The ability to replicate a study, as 
the National Research Council has noted, is typically the gold standard by which the reliability of 
claims is judged. Given the questions reported about data access surrounding these studies, we 
also seek to learn whether obligations concerning the sharing of information developed or 
disseminated with federal support have been appropriately met. 

In light of the Committee’s jurisdiction over energy policy and certain environmental issues, 
the Committee must have full and accurate information when considering matters relating to 
climate change policy. We open this review because this dispute surrounding your studies bears 
directly on important questions about the federally funded work upon which climate studies rely 
and the quality and transparency of analyses used to support the IPCC assessment process. With 
the IPCC currently working to produce a fourth assessment report, addressing questions of 
quality and transparency in the process and underlying analyses supporting that assessment, both 
scientific and economic, are of utmost importance if Congress is eventually going to make policy 
decisions drawing from this work. 

To assist us as we begin this review, and pursuant to Rules X and XI of the U.S. House of 
Representatives, please provide the following information requested below on or before July 1 1 
2005: 

1 . Your curriculum vitae, including, but not limited to, a list of all studies relating to climate 
change research for which you were an author or co-author and the source of funding for 
those studies. 

2. List all financial support you have received related to your research, including, but not 
limited to, all private, state, and federal assistance, grants, contracts (including subgrants 
or subcontracts), or other financial awards or honoraria. 

3. Regarding all such work involving federal grants or funding support under which you 
were a recipient of funding or principal investigator, provide all agreements relating to 
those underlying grants or funding, including, but not limited to, any provisions, 
adjustments, or exceptions made in the agreements relating to the dissemination and 
sharing of research results. 
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4. Provide the location of all data archives relating to each published study for which you 
were an author or co-author and indicate: (a) whether this information contains all the 
specific data you used and calculations your performed, including such supporting 
documentation as computer source code, validation information, and other ancillary 
information, necessary for full evaluation and appHcation of the data, particularly for 
another party to replicate your research results; (b) when this information was available to 
researchers; (c) where and when you first identified the location of this information; (d) 
what modifications, if any, you have made to this information since publication of the 
respective study; and (e) if necessary information is not fully available, provide a detailed 
narrative description of the steps somebody must take to acquire the necessary information 
to replicate your study results or assess the quality of the proxy data you used. 

5. Regarding study data and related information that is not publicly archived, what requests 
have you or your co-authors received for data relating to the climate change studies, what 
was your response, and why? 

6. The authors McIntyre and McKitrick {Energy & Environment^ Vol. 16, No. 1, 2005) 
report a number of errors and omissions in Mann et. al., 1998. Provide a detailed 
narrative explanation of these alleged errors and how these may affect the underlying 
conclusions of the work, including, but not limited to answers to the following questions: 

a. Did you run calculations without the bristlecone pine series referenced in the 
article and, if so, what was the result? 

b. Did you or your co-authors calculate temperature reconstructions using the 
referenced “archived Gaspe tree ring data,” and what were the results? 

c. Did you calculate the R2 statistic for the temperature reconstruction, particularly 
for the 15*’’ Century proxy record calculations and what were the results? 

d. What validation statistics did you calculate for the reconstruction prior to 1820, 
and what were the results? 

e. How did you choose particular proxies and proxy series? 

7. Explain in detail your work for and on behalf of the Intergovernmental Panel on Climate 
Change, including, but not limited to: (a) your role in the Third Assessment Report; (b) 
the process for review of studies and other information, including the dates of key 
meetings, upon which you worked during the TAR writing and review process; (c) the 
steps taken by you, reviewers, and lead authors to ensure the data underlying the studies 
forming the basis for key findings of the report were sound and accurate; (d) requests you 
received for revisions to your written contribution; and (e) the identity of the people who 
wrote and reviewed the historical temperature-record portions of the report, particularly 
Section 2.3, “Is the Recent Warming Unusual?” 



Dr. Malcolm K. Hughes 
Page 4 

Thank you for your assistance. If you have any questions, please contact Peter Spencer of 
the Majority Committee staff at (202) 226-2424. 


Sincerely, 



Subcommittee on Oversight 
and Investigations 


cc: The Honorable John Dingell, Ranking Member 

The Honorable Bart Stupak, Ranking Member, 
Subcommittee on Oversight and Investigations 
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P O Box 210058 
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(520) 621-6469 
FAX: (320)621-8229 


July 15,2005 

The Honorable Joe Barton, Chairman 
House Committee on Energy and Commerce 
The Honorable Ed Whitfield, Chairman 
Subcommittee on Oversight and Investigations 
2125 Rayburn House Office Building 
Washington, D.C. 20515 


Dear Congressman Barton and Congressman Whitfield, 

I am writing in response to your letter of June 23 2005. As I only returned fi-om 
Europe July 4 weekend, I am only able to provide information that is readily available. 
You ask a number of questions about work*,^ published by Professors Michael Maim, 

Ray Bradley and myself, and request a great deal of detailed information on the whole of 
my research career. Much of my work has had little if any bearing on the topic of global 
warming. 

I would like to provide some accurate information about the papers published 
with Professors Maim and Bradley and their implications, the availability of the data we 
used, and the current status of this area of scientific inquiry. 

I think you might find it helpful if I dealt briefly with three points first: 

• You write that you “understand that the Mann, Bradley. Hughes studies of 
temperature proxy records (tree rings, ice cores, corals, etc.) formed the 
(my emphasis, NflKH) basis for a new finding in the 2001 United Nations 
Intergovernmental Panel on Climate Change (IPCC) Third Assessment 
Report (TAR). This finding [was] - that the increase in 2(f^ century 
northern hemisphere temperatures is “likely to have been the largest of 
any century during the past 1000 years ” and that the “1990s was the 
warmest decade and 1998 the warmest year". This finding did not rest 
solely on our work, as is made clear on page 133 in section 2.3.2.2 of the 
IPCC TAR volume - “Climate Change 2001: The Scientific Basis" which 
lists the several lines of evidence they used to reach their finding 

• Your letter states that “information necessary to replicate the analyses in 
the studies has not been made fully available to researchers upon 
request". This too is mistaken. We have actively made the data and 
methods we used fi-eely available. The proxy data (tree rings, coral bands. 



^ Mann, M.E., Bradley, R.S. and Hughes, M.K., Nordicm Hemisphere Ten^ratures During the Past 
Millennium; Inferences, Uncertainties, and Limitations. Geophysical Research Letters . 26, 759-762 
(1999) 
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ice cores, etc) we used in the Mann, Bradley, Hughes 1998 and 1999 
papers have been at a publicly-accessible ftp site since 2000, and these 
data, plus the instrumental data we used, and an amplification of certain 
details of our methods have been available at the website of the journal 
Nature since July 2004. In fact, the original papers and supplementary 
material published in 1998 and 1999 were sufficient for working scientists 
to replicate both our methods and results, as they have done. 

• Of course there has been debate in the scientific literature about the 
climate history of recent millennia, and about the many papers published 
on this topic recently. Our work is no exception to this, and rightly so. The 
small selection of articles referred to in your letter is not representative of 
this growing literature. A series of recent papers in the peer-reviewed 
scientific literature, based on quite different data and methods, confirm our 
main findings. This is the best and strongest form of scientific 
confirmation. 


Expanding on the question of data availability and repeatability, my peer- 
reviewed published papers have given sufficiently detailed information to satisfy the 
scientific editors of the journals concerned and their peer-review processes. The U.S. 
National Science Foundation has stated that I have "'complied with the policy guidelines 
set out by the US government, and the NSF in particular, regarding access to data from 
publicly funded research"'^. For specifically dendrochronological calculations I use the 
publicly available programs of the Dendrochronology Program Library 
http://www.ltrr.arizona.edu/software.html . In the case of the Mann, Bradley, Hughes 
work mentioned in your letter, the proxy dataset we assembled has been publicly 
available for several years, and since July 2004 in an even more accessible form, with the 
addition of the instrumental data we used, as Nature Supplementary Material at 
http://www.nature.com/nature/ioumal/v430/n6995/suppinfo/nature02478.html . They may 
also be found at ftp://holocene.evsc.virginia.edu/pub/MBH98 . 

As a result, scientists at the National Center for Atmospheric Research are among 
those who have been able to reproduce our procedures and conclusions'*. Further details 
of our work are given in our published papers^, and in a paper that has been accepted for 


^ Email from Program Manager David Verardo 10 August 2004 
^ http://www.ucar.edu/news/releases/2005/a mmaTin shtml 

^ Mann, M.E., Bradley, R.S., Hughes, M.K. Global-Scale Ten:q>erature Patterns and Climate Forcing Over 
the Past Six Centuries, Nature^ 392, 779-787 (1998) 

Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures During the Past 
Millennium: Inferences, Uncertainties, and Limitations. Geophysical Research Letters , 26, 759-762 

- (4^ 9 9) - - ^ ...... . . ^ 

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Oveipeck, J.T., Keimig, F.T., Gross, W. Global 
Tenqjerature Patterns in Past Centuries: An interactive presentation. Earth Interactions, 4-4, 1-29, (2000), 
accessible online at: http://w\iv'w.ncdc.noaa.2Gv/Daleo/ci/^ei cover.html. and in particular note: 
httD://www.ncdc.noaa.gov/Daleo/ei/ei nodendro.html 
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publication^. Any scientific issues arising from our work will be resolved in the scholarly 
literature over a period of years. 

My role in the IPCC TAR was very small. I was one of 140 “Contributing 
authors” of Chapter 2 of the IPCC TAR Working Group 1 volume titled ^‘'‘Climate 
Change 2001: The Scientific Basis''. In practice this meant that I was sent a ♦.pdf of the 
whole draft report in late 1999 and was asked for my comments and suggestions. My 
comments related to Chapters 1 and 2. 1 returned these comments, which were limited to 
matters of which I have professional knowledge, to the IPCC Secretariat. That was the 
sum total of my involvement in that volume. In April 2001 1 was one of a very large 
number of people asked to be expert reviewers on the first draft of the Synthesis Report 
of the IPCC TAR. Again, I returned my comments to the IPCC secretariat, that being the 
end of my involvement with the IPCC TAR. I attended no meetings, was not asked to 
revise anything I submitted, and have no knowledge of the writing assignments, duties or 
practices of the authors of the various sections. 

Please find my curriculum vitae enclosed with this letter. It lists over 120 
publications, most in the peer-reviewed scientific literature, that I have written, co- 
authored or edited on the basis of work done since 1965. It also contains a list of grants 
received for my research since coming to the US in 1986. 

In summary, our work was definitely not the only line of evidence used by the 
IPCC to reach the conclusions you mention, but one of several. Our work has been 
independently replicated, proving that we made ample information available for this. 
Furthermore, a series of completely independent studies have arrived at similar 
conclusions using entirely different data and methods. The normal, time-tested, process 
of science is at work, and should be permitted to continue. 

I hope you will find my comments to be of help. Our university is a major center 
of research on past environments and, should you ever have the opportunity to visit 
Tucson, we would be pleased to give you an introduction the wide and fascinating range 
of work being done here. 

Sincerely, 



Malcolm K. Hughes 
Professor of Dendrochronology 


^ Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K,R., Hughes, M.K., Jones, P.D., Proxy^ 
based Northern He misphere Surface Temperature Reconstructions: Sensitivity to Methodology. Predictor 
Network. Target Season and Target Domain. Journal of Climate, in press, 2005. 
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CURRICULUM VITAE 
Malcolm K. Hughes 


PERSONAL DETAILS 


Bom in Matlock, Derbyshire, England, 24th July 1943. US citizen. 

EDUCATION 

1 965 B.Sc. (Honours) in Botany and Zoology, University of Durham, U.K.. 

1970 Ph.D., title of thesis: 'Investigations of the ecosystem energetics of an 

English woodland'. Supervisor; Dr. J. Phillipson, University of Durham. 

EXPERIENCE 


1968- 69 

1969- 71 

1971-73 

1973-80 

1980-82 

1982-86 

1986-1999 

1986- 

1992- 

1992-3 


Amanuensis, Research Fellow, Soil Biology Institute, University of 
Aarhus, Denmark 

University Research Fellow, Botany Department 
University of Durham. 

Lecturer II in Ecology, Biology Department, 

Liverpool Polytechnic (now Liverpool John Moores University). 

Senior Lecturer in Ecology, Liverpool Polytechnic. 

Principal Lecturer in Ecology, Liverpool Polytechnic. 

Reader in Ecology, Liverpool Polytechnic. 

Director of the Laboratory of Tree-Ring Research, University of Arizona 
Professor of Dendrochronology, University of Arizona 
Professor of Watershed Management, School of Renewable Natural 
Resources, University of Arizona 

Visiting Fellow, Cooperative Institute for Research in Environmental 
Sciences, University of Colorado-Boulder 


OTHER ACADEMIC ACTIVITIES 

1978-85 External Examiner (CNAA) for degree studies in ecology. New College, 

Durham. 

4986-8^ Extemal^xaminer in-ecologyibr^embership-of the Inst itirte-ofBiology; — 

U.K. 

1 974- Internal or External Examiner of various higher degree candidates of the 

Council for National Academic Awards and the Universities of Oxford, 
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Durham, East Anglia, Ulster, Aix-Marseille, Amsterdam, Auckland, New 
Zealand, Queen's University Belfast, and of the Chinese Academy of 
Science. 

1 983-86 Member, Combined Studies (Science) Board, Council for National 

Academic Awards, U.K. 

1 990 Member, University of Arizona review panel of Arid Lands Sciences 
academic program 

1 99 1 Chair, University review panel of Remote Sensing academic program 

1 99 1 Member, University review panel of Statistics Department 

1 996 Member, University review panel of Hydrology and Water Resources 

Department 

1 995 Member, Academic review panel for Quaternary Research Center, 

University of Washington 

1 994 Member, Search Committee, Dean of College of Science, University of 

Arizona 

1995- Member, Executive Committee, Institute for the Study of Planet Earth 

1 996- Member, Executive Committee, Interdisciplinary Program in Global 
Change 

HONORS 

1998 Fellow, American Geophysical Union 

1 999-2000 Bullard Fellow, Harvard University 

LEARNED SOCIETIES AND RELATED ACTIVITIES 


1972-78 

1978-82 

1982-85 

1984-85 

1984-6 

1986- 


1988- 


1988 


Member, British Ecological Society. 

Fellow, American Geophysical Union 
Member AAAS 

Member, International Tree-Ring Society 

Secretary, Energy and Production Biology Group, member of the 

meetings committee: British Ecological Society. 

Organizer, Global Dendroclimatology Workshop. 

Member, Terrestrial Life Sciences Grants Committee, Natural 
Environment Research Council, U.K. 

Member, Advanced Courses Review Panel, Natural Environment 
Research Council, U.K. 

Member, Council of the British Ecological Society. 

Chair, Committee on Global Change, Faculty of Science, University of 
Arizona. 

-ChairrCoordtnatingGommittce-on-Glxjbal-GhangcrUniversity-ofATizona. — 
Member, U.S. National Committee for the International Union for 
Quaternary Research, National Research Council 
Member, working group meeting on 'Techniques for extracting 
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1988- 1989 

1989- 1992 

1990 

1990- 

1991 

1991- 1993 

1992- 1995 

1992- 

1992- 1994 

1993 

1993- 

1993-1997 

1995-1998 

1995- 1998 

1996- 1999 


1999- 2005 

2000- 2004 

2001 - 
2003-4 


environmental data from the past' set up by ICSU's Special Committee 
for the International Geosphere-Biosphere Programme 
Member, Organizing Committee, 1989 Global Change Institute, 
Universities' Corporation for Atmospheric Research 
Member, National Oceanographic and Atmospheric Administration 
(NOAA) Paleoclimatology Advisory Panel 

Member, Advisory Panel for Meeting on Earth System History, National 
Science Foundation. 

Member, Technical Advisory Panel, Western Region of the National 
Institute on Global Environmental Change, US Department of Energy 
Organizer (Avith H.Diaz) Medieval Warm Period Workshop 
Guest editor (with H.Diaz) special issue of Climatic Change, 

Member, Board of Trustees, National Institute of Global Environmental 
Change (NIGEC) 

Member, Scientific Council, Siberian International Centre for Ecological 
Research of Boreal Forests 

Chair, program committee, International Conference on Tree Rings, 
Environment and Humanity, Tucson, Arizona, May 1994. 

Chair, search committee for new national Director, NIGEC 
Member, executive committee. Institute for the Study of Planet Earth, 
University of Arizona 

Member, Committee on Geophysical and Environmental Data, National 
Research Council 

Member, Biometeorology Committee, American Meteorological Society 
(AMS) 

Member, AMS Glossary revision committee 

Member, joint w'orking group between the PAGES core project of the 
International Geosphere-Biosphere Program and the CLIVAR project of 
the World Climate Research Program 

Member, steering committee, National Science Foundation PARCS. 

Vice-President, International Tree-Ring Society 

Member, Advisory Board, Dendrochronologia 

Chair, Organizing Committee, international conference “Tree Rings and 

Climate: Sharpening the Focus”, Tucson, Arizona, April 2004. 


LECTURES/SEMINARS/PAPERS READ 

Presented papers or given invited lectures in Argentina, France, the Netherlands, Denmark, 

Germany,-Sweden7TmlandrSwitzeriandrItalyrC^nada,-Chile7ATgentina7panamarMexico7UTR7 
Poland, Peoples Republic of China, Korea, Japan, Taiwan, Russia, Jordan and India as well as in 
the U.S.A. 


3 



342 


publications' 


1. Hughes, M. K. and E. Lincoln. A simple integrator for use with 
solarimeters.0/k>5,20, 1 6 1 - 1 65 ( 1 969)* 

2. Hughes, M. K. Ground vegetation and forest litter production. In Methods of study 
in soil ecology. Proceedings of the Paris Symposium. Ed. Phillipson, John, pp 145- 150 
IBP/UNESCO (1970) 

3. Hughes, M. K. Tree biocontent, net production and litter fall in a deciduous 
woodland. Oikos, 22,62-13 (1971)* 

4. Hughes, M. K. Ground vegetation biocontent and net production in a deciduous 
woodland. Oecologia, 7, 127-137 (1971)* 

5. Hughes, M. K. Seasonal calorific values from a deciduous woodland in England. 
Ecology,52,923-926 (1971)* 

6. Hughes, M. K. and B. A. Whitton. Algae of Slapestone Sike, Upper Teesdale. 
Vasculum,LVll30-35 (1972) 

7. Hughes, M. K. and F. A. Hibbert. The ecological survey for the Central Lancashire 
New Town. C.L.D.C., Preston. (1972) 

8. Hughes, M. K. The Urban Ecosystem. The Biologist, 2 1,117-127(1 974) 

9. Hughes, M. K. Ground vegetation net production in a Danish beech wood. 
Oecologia, 18,251-258(1975)* 


10. Hall, C., M. K. Hughes, N. W. Lepp and G. J. Dollard. Cycling of heavy metals ir 
woodland ecosystems. Proc. Int. Conf Heavy Metals in the Environment, Tor onto, 227 -2A6 
(1975) 

1 1 . Hughes, M. K. Damage to woody plants around a fertilizer factory: mapping and 
interpretation. In Proc. Kuopio me 


indicates peer-reviewed 
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Karenlampi, L. ppl33-137 (1976) 

1 2. Hall, C. and M. K. Hughes. Cerenkov counting of Pb-2 1 0 in plant tissues. 
Newsletter on the Application of Nuclear Methods in Biology and Agriculture, ^^3 A (1977) 

13. Hughes, M. K., B. Gray, J. R. Pilcher, M. G. Baillie and P. A. Leggett. Climate 
signals in British Isles tree-ring chronologies. Nature, Lond.,272,605-606 (1978)* 

14. Milsom, S. J. and M. K. Hughes. X-ray densitometry as a dendrochronological 
technique. In Dendrochronology in Europe Ed. Fletcher, John. pp3 17-234 British 
Archaeological Reports, International Series 51 (1978)* 

15. Leggett, P. A., M. K. Hughes and F. A. Hibbert. A modem oak chronology from 
North Wales and its interpretation^ In Dendrochronology in Europe Ed. Fletcher, John. ppl87- 
194 British Archaeological Reports, International Series 51, (1978)* 

16. Hughes, M. K. Tree-ring measurements as data. Abstr. 1st British Isles Tree Ring 
Colloquium,! (1978) 

17. Hughes, M. K., P. A. Leggett, S. J. Milsom and F. A. Hibbert. Dendrochronology of 
oak in North Wales. Tree^Ring Bulletin, 38,15-23 (1978)* 

18. Hughes, M. K., B. Gray, J. R. Pilcher, M. G. Baillie and P. A.Leggett. Climatic 
signals in tree-ring chronologies for British Islesrreply. Nature, Lond.,2!%,2%3 (1979)* 

19. Hughes, M. K., N. W. Lepp and D. A. Phipps. Aerial heavy metal pollution and 
terrestrial ecosystems. Advances in Ecological Research,\\,2\%-321 (1980)* 

20. Hughes, M. K. Cycling of metals in ecosystems. In Effect of heavy metal pollution 
on plants Ed. Lepp, Nicholas W. pp95-l 18 Applied Science Publishers (1981)* 

21. Hughes, M. K., S. J. Milsom and P. A. Leggett. Sapwood estimates in the 
interpretation of tree-ring dates. Journal of Archaeological Science, -390 (1981)* 

22. Hughes, M. K., P. M. Kelly, J. R. Pilcher and V. C. LaMarche Jr. Second 

In ternational Works hop on Glob al Dendroclimatology: Rep ort and Rec ommendation s ^ 1 98^ 

23. Hughes, M. K., P. M. Kelly, J. R. Pilcher and V. C. LaMarche Jr., editors. Climate 
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from Tree Rings. Cambridge University Press (1982) 

24. Hughes, M. K. and S. J. Milsom. The climate-growth response in tree-ring 
chronologies: comment. In Climate from Tree Rings Ed. Hughes, Malcolm K./Kelly, P. 
Michael/Pilcher, Jonathan R./LaMarche Jr., Valmore C. pp37-39 Cambridge University Press 
(1982)* 

25. Hughes, M. K. Chronology development and analysis icomment. In Climate from 
Tree Rings Ed. Hughes, Malcolm K./Kelly, P.Michael/Pilcher, Jonathan R./LaMarche Jr., 
Valmore C. pp28-30 Cambridge University Press (1982)* 

26. Hughes, M. K. Global data base: Asia. In Climate from Tree Rings Ed. Hughes, 
Malcolm K./Kelly, P. Michael/Pilcher, Jonathan R./LaMarche Jr., Valmore C. ppl57-158 
Cambridge University Press (1982)* 

27. Hodkinson, I. D. and M. K. Hughes. Insect Herbivory. Chapman and Hall (1982) 

28. Pilcher, J. R. and M. K. Hughes. The potential of dendrochronology for the study of 
climate change. In Climatic change in later prehistory Ed. Harding, Anthony F. pp75-84 
Edinburgh University Press (1982)* 

29. Hughes, M. K. The dendrochronology of timbers from 28 Queen Street, Kings 
Lynn. East Anglian Archaeology^ Report No. 14, 119-122 (1982)* 

30. Hughes, M. K. and P. A. Leggett. Two 12th-century wich houses in Nantwich, 
Cheshire :tree-ring dating of the timbers. Medieval Archaeology, XXVll,69-70 (1983)* 

31 . Hughes, M. K., F. H. Schweingruber, D. Cartwright and P. M.Kelly. July-August 
temperature at Edinburgh between 1721 and 1975 from tree-ring density and width data. Nature, 
Lo«i/.,308, 341-344 (1984)* 

32. Hughes, M. K. and P. A. Leggett. A medieval stone town house in Chester: 
dendrochronology. Journal of the Chester Archaeological iS'oc/e(v,68,149-153 (1986) 

33. Briffa, K. R., T. M. L. Wigley, P. D. Jones, J. R. Pilcher and M. K. Hughes. The 
reconstruction of past circulation patterns over Europe using tree-ring data. University of East 
Anglia (1986) 
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34. Hughes, M. K. and A. C. Davies. Dendroclimatology in Kashmir using tree ring 
widths and densities in subalpine conifers. In Methods of dendrochronology: East-West 
approaches Eds.Kairiukstis, L., Bednarz, Z. and Feliksik, E., IIASA/Polish Academy of 
Sciences, 163-176 (1987) 

35. Hughes, M. K. Requirements for spatial and temporal coverage. In Methods of 
dendrochronology: East-West approaches Eds.Kairiukstis, L., Bednarz, Z. and Feliksik, 

E.,II AS A/Polish Academy of Sciences, 107-116 (1987) 

36. Hughes, M. K. Dendroclimatology of Finns sylvestris L. in the Scottish Highlands. 
In Applications of tree-ring studies: current research in dendrochronology and related areas, 
Ed. Ward, Rodney G. W., British Archaeological Reports, Oxford, 91-106, (1987)* 

37. Briffa, K. R., T.M.L. Wigley, P. D. Jones, J. R. Pilcher and M. K. Hughes. Patterns 
of tree-growth and related pressure variability in Europe. Dendrochronologia, 5,35-58 (1987)* 

38. Briffa, K. R., P. D. Jones, J. R. Pilcher and M. K. Hughes. Reconstructing summer 
temperatures in Northern Fennoscandia back to 1700 using tree-ring data from Scots pine. Arctic 
and Alpine Research, 20,385-394 (1988)* 

39. Hughes, M.K. Ice-layer dating of eruption at Santorini. Scientific correspondence^. 
Nature. Land., 335,21 1-212 (1988) 

40. Kelly, P.M., M.A.R.Munro, M.K.Hughes and C.M.Goodess. Climate and signature 
years in West European Oaks. Nature, Land., 340, 57-60 (1989)* 

41 . Hughes, M.K., B.J .Richards, T.W.Swetnam, and C.H.Baisan. Can a climate record 
be extracted from Giant Sequoia tree rings? Proceedings of Sixth Annual Pacific Climate 
(PACLIM) Workshop, 1989. ppl 11-114 (1990) 

42. Hughes, M.K. The tree-ring record. In: Global changes of the past. Ed.R.S.Bradley. 
UCAR/Office of Interdisciplinary Earth Studies, Boulder. (1991)* 

43. Meko, D.M., Hughes, M.K. and Stockton, C.W. The science of global change and 
climate variability: the paleo record. In: Managing water resources under conditions of climate 
uncertainty. National Research Council, Washington, D.C.. pp.71-100 (1991)* 
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44. Hughes, M.K. Dendroclimatic evidence from the Western Himalaya. In: Climate 
since AD 1500. Eds. R.S.Bradley and P.D. Jones. Routledge, London.pp:4 15-431 (1992)* 

45. Hughes, M.K. and Brown, P.M. Drought frequency in central California since 101 
B.C. recorded in giant sequoia tree rings. Climate Dynamics, 6, 161-167 (1992)* 

46. Diaz, H.F., Markgraf, V. and Hughes, M.K. Synthesis and future prospects. In: El 
Nino: Historical and Paleoclimatic Aspects of the Southern Oscillation, editors, H.F.Diaz and 
V.Markgraf. Cambridge University press, Cambridge, pp 463-471 (1992)* 

47. Brown, P. M., Hughes, M.K., Baisan, C.H., Swetnam, T.W. and Caprio, A.C. Giant 
sequoia ring width chronologies from the central Sierra Nevada, CeAifomidi. Tree-Ring Bulletin, 
52,1-14(1992)* 

48. Bhattacharyya, A., LaMarche, V.C. and Hughes, M.K. Tree-ring chronologies from 
Nepal. Tree-Ring Bulletin, 52, 59-66 (1992)* 

49. Meko, D.M., Cook, E.R., Stable, D.W.,Stockton, C.W. and Hughes, M.K. Spatial 
patterns of tree-gro\vth anomalies in the United States and southeastern Canada. Journal of 
Climate, 6, 1773-1786 (1993) * 

50. Oleksyn, J. Fritts, H.C. and Hughes, M.K. Tree-ring analysis of different Pinus 
sylvestris provenances, Quercus robur, Larix decidua and L.decidua x L.kaempferi affected by 
air pollution. Arbor. Kornickie. 38, 87-111 (1993) 

51. Hughes, M.K. and Diaz, H.F. (editors) The Medieval Warm Period. Kluwer 
Academic Publishers, Dordrecht. 234pp.(1994) 

52. Hughes, M.K. and Diaz, H.F. Was there a Medieval Warm Period, and if so, where 
and when? Climatic Change, 26, 109-142 (1994)* 

53. Hughes, M.K., Xiangding, Wu, Xuemei, Shao and Garfin, G.M. A preliminary 
reconstruction of rainfall in North-Central China since A.D. 1600 from tree-ring density and 
width. Quaternary Research, 41, 88-99 (1994)* 

54. Hughes, M.K. Lessons from past global change. In Proceedings of the International 
Symposium on Global Change and Forests (Edited by Won-Kyu Park, Frank W. Telewski and 
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Je-Su Kim). Korean Journal of Forest Energy 14(1), 23-34 (1994) 

55. Hughes, M.K. Tree-ring evidence of surface temperature variation during the past 
1000 years. Palaoklimaforschung, 16, 77-87 (1995)* 

56. Hughes, M.K. and Graumlich, L.J. Multimillennial dendroclimatic records from 
western North America. In' Climatic variations and forcing mechanisms of the last 2000 years' 
editors, R.S.Bradley, P.D.Jones and J.Jouzel. Springer Verlag, Berlin. 109-124 (1996)* 

57. Hughes, M.K., Tree rings and the challenge of global change research. Plenary 
lecture in Tree rings: from the past to the future. Proceedings of the International Workshop on 
Asian and Pacific Dendrochronology, Tsukuba, Japan, March 4th-9th, 1995, editors S.Ohta, 
T.Fujii, N.Okada, M.K.Hughes and D.Eckstein. FFPRI Scientific Meeting Report 1:1-8 (1995) 

58. Hughes, M.K., Concluding address in Tree rings: from the past to the 
future.Proceedings of the International Workshop on Asian and Pacific Dendrochronology, 
Tsukuba, Japan, March 4th-9th, 1995, editors S.Ohta, T.Fujii, N.Okada, M.K.Hughes and 

D. Eckstein. FFPRI Scientific Meeting Report 1: 258-260 (1995) 

59. Leavitt, S.W., Hughes, M.K., Liu Yu, and An Zhisheng. Stable carbon isotope tree- 
ring chronologies from Xian, China. In: Tree rings: from the past to the future. Proceedings of 
the International Workshop on Asian and Pacific dendrochronology, Tsukuba, Japan, 4-9 March 
79P5.editors S.Ohta, T.Fujii, N.Okada, M.K.Hughes and D.Eckstein. FFPRI Scientific Meeting 
Report 1: 182-186(1995) 

60. Leavitt, S.W., Yu, L., Hughes, M.K., Rongmo, L., Zhisheng, A., Gutierrez, G.M., 
Danzer, S.R., Xuemei, S.. A single-year 5^^C chronology from Pinus tabulaeformis (Chinese 
pine) tree rings at Huangling, China. In Cook, G.T., Harkness, D.D., Miller, B.F., and Scott, 

E. M., eds., Proceedings of the 1 5th International Radiocarbon Conference. Radiocarbon 37(2): 
605-610.(1995)* 

61 . Hughes, M.K. An overview of global climate over the last 1 000 years. Paleoclimate 
and^nvirx>nmentalvxirdability inAustral-Asian transect duringjhe_past 2000_y^ars,. Proceedings 
of the IGBP PAGES/PEP-II Symposium, Nagoya University, Japan, November 28-December I, 
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1995. Editors T. Mikami, E. Matsumoto, S. Ohta and T.Sweda. pp 98-102 (1995) 

62. Hughes, M.K. Role of dendrochronology in PAGES. Paleoclimate and 
environmental variability in Austral-Asian transect during the past 2000 years. Proceedings of 
the IGBP PAGES/PEP-II Symposium, Nagoya University, Japan, November 28~December 1, 
1995. Editors T. Mikami, E. Matsumoto, S. Ohta and T.Sweda. pp 39-44 (1995) 

63. Yu, L., Wu, X.D., Leavitt, S-L. and Hughes, M.K., Stable carbon isotope in tree 
rings from Huangling, China and climatic variation. Science in China (Series D), 39, 152-161 
(1996) 

64. Hughes, M.K. Tree-ring analysis. In: Encyclopedia of Climate and Weather, ed. 
Stephen H. Schneider. Simon & Schuster, New York, pp 773-775 (1996) 

65. Hughes, M. K., Touchan, R. and Brown, P. A multimillennial network of giant 
sequoia chronologies for dendroclimatology. In Tree Rings, Environment and Humanity Editors, 
J.Dean, D.Meko and T.Swetnam. RADIOCARBON 1996 pp 225-234 (1996)* 

66. Munro, M.A.R., Brown, P.M., Hughes, M.K. and Garcia, E.M. Image analysis of 
tracheid dimensions for dendrochronological use. In Tree Rings, Environment and Humanity. 
Editors, J.Dean, D.Meko and T.Swetnam. RADIOCARBON 1 996 pp 843-852 ( 1 996)* 

67. Biondi, F., Lange, C.B., Hughes, M.K. and Berger, W.H. Interdecadal signals 
during the last millennium (AD 1 1 17-1992) in the varve record of Santa Barbara Basin, 
California. Geophysical Research Letters, 24, 193-196. (1997)* 

68. Biondi, F. Lange, C.B., Hughes, M.K. and Berger, W.H. The near-AD 1 600 multi- 
proxy puzzle. Proceedings of the thirteenth annual Pacific Climate (PACLIM) Workshop. 

Editors C.M.Isaacs and V.L.Shaip. Technical report 53 of the Interagency Ecological Program 
for the Sacramento-San Joaquin estuary, pp 169-192. (1997) 

69. Mann, M.E., Bradley, R.S., Hughes, M.K., Large-Scale Climatic Reconstructions 
Based on High-Resolution Multi-Proxy Data, Eighth Symposium on Global Change Studies, 

Long Beach, C ATTebruaiy 1 997 . American Meteor ^ogical^ociety, Boston7pp22 1-226 fl 997) — 

70. Mann, M.E., Bradley, R.S., Hughes, M.K. Global-Scale Temperature Patterns and 
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Climate Forcing Over the Past Six Centuries, Nature^ 392, 779-787 (1998)* 

71 . Hughes, M.K. and Funkhouser, G., Extremes of moisture availability reconstructed 
from tree rings for recent millennia in the Great Basin of Western North America. In, The 
Impacts of Climate Variability on Forests, M. Beniston and J. Innes (Editors). Berlin: Springer- 
Verlag. Pp.99-107 (1998)* 

72. Damon, P.E., Eastoe, C.J., Hughes, M.K., Kalin, R.M., Long, A., and Peristykh, 
A.N. Secular variation of A^'^C during the Medieval Solar Maximum: a progress report. 
Radiocarbon, 40, 343-350 (1998)* 

73. Mann, M.E.,R S. Bradley, M. K. Hughes, and P. D. Jones. Global Temperature 
V&tXcms. Science 280:2027(1998) 

74. Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures 
During the Past Millennium: Inferences, Uncertainties, and Limitations. Geophysical Research 
Letters, 26, 759-762 (1999)* 

75. Touchan, R., D. Meko, and M. K. Hughes A 396-Year Reconstruction of 
Precipitation in Southern Jordan. Journal of the American Water Resources Association, 35, 49- 
59(1999)* 

76. Hughes, M.K. Vaganov, E.A., Shiyatov, S., Touchan, R. and Funkhouser, G. 
Twentieth-centuiy summer warmth in northern Yakutia in a 600 year context. The Holocene^ 9, 
603-608 (1999)* 

77. Biondi, F. Perkins, D.L., Cayan, D.R., and Hughes, M.K. July temperature during the 
second millennium reconstructed from Idaho tree rings. Geophysical Research Letters , 26, 
1445-1448(1999)* 

78. Vaganov, E.A., Hughes, M.K., Kirdyanov, A.V., Schweingruber, F.H., and Silkin’ 
P.P. Influence of snowfall and melt timing on tree growth in subarctic Eurasia. Nature, 400, 149- 
151 (1999)* 

79. Touchan, R. and Hughes, M.K. Dendrochronology in Jordan. Journal of Arid 
Environments, A2, 291-303 (1999)* 
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80. Vaganov E.A., Hughes M.K., Shashkin E.A., Arbatskaya M.K. 
Dendrochronological methods in evaluation of carbon cycle in forest ecosystems. In: Carbon 
Cycle on the Territory of Russia (G.A.Zavarzin, ed.), Moscow, Global Change Nat. Program, 
1999: 96-123. (in Russ.).(1999) 

81. Hughes, M.K., Mann M.E., and R.S.Bradley. Climate variability of the last 1000 
years from annual-resolution natural archives. In: T. Mikami, Editor. Proceedings of CCV99, 
International Conference on Climate Change and Variability, Tokyo Metropolitan University, 
September 1999. International Geographical Union, Commission on Climatology, pp 17-22, 
2000. 

82. Hughes, M.K., Mann M.E., and R.S.Bradley. 1000 years of Northern Hemisphere 
temperature from natural archives. Abstracts of PAGES Workshop on South Asian 
Paleoenvironments, Pune, India, February 4-5, 2000. pp 1 1-15. 2000. 

83. Boninsegna, J.A. and Hughes, M.K. Volcanic signals in temperature reconstructions 
based on tree-ring records for North and South America, In: Markgraf, Vera (Ed.) 2000. 
Interhemispheric Climate Linkages. Academic Press, San Diego, pp. 442. 141-154, 2000* 

84. Conner, W.S., Schowengerdt, R.A., Munro, M.A.R, and Hughes, M.K. Engineering 
design of an image acquisition and analysis system, for dendrochronology. Optical Engineerings 
^453-463 (2000)* 

85. Bradley, R.S., Hughes, M.K., and Mann, M.E. Comments on “Detection and 
Attribution of Recent Climate 2987-2990 Change: A Status Report”. Bulletin of the American 
Meteorological Society, 81, 2987-2990 (2000). 

86. Mann, M.E., R.S. Bradley, and M.K. Hughes, M.K., Long-term variability in the El 
Nifto Southern Oscillation and associated teleconnections. In: El Nino and the Southern 
Oscillation. Multiscale variability and Global and Regional Impacts (eds. H.F. Diaz & V. 
Markgraf). Cambridge University Press, Cambridge, U.K. 357-412. (2000).* 
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87. Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., 
Gross, W. Global Temperature Patterns in Past Centuries: An interactive presentation, Earth 
Interactions, 4-4, 1-29, (2000)* 

88. Vaganov, E.A. and Hughes, M.K. Tree Rings and the Global Carbon Cycle. Problems 
of Ecological Monitoring and Ecosystem Modellings XVII, 34-53 (2000)* 

89. Vaganov, E. A. Hughes M. K. . Constraints to Growth of Boreal Forests: Reply to 
Jarvis and Linder. Nature 405: 904-5 (2000).* 

90. Vaganov, E. A. Naurzbaev M. M. and Hughes M. K. "Witnesses of Medieval Warm 
Period.” Priroda 12 : 54-57 (2000) (in Russian) 

91. Hughes, M.K., Kuniholm, P.I., Eischeid, J.K., Garfm, G, Griggs, C.B. and Latini, C. 
Aegean tree-ring signature years explained. Tree-Ring Research 57: 67-73 (2001)* 

92. Meko, D.M., Therrell, M.D., Baisan, C.H. and Hughes, M.K. Sacramento River flow 
reconstructed to A.D. 869 from tree rings. Journal of the American Water Resources Association 
37: 1029-1039(2001)* 

93. Alverson, K. , Bradley, R.S., Briffa, K.R., Cole, J., Hughes, M.K., Larocque, I., 
Pedersen, T., TTiompson, L. and Tudhope, S. A global paleoclimate observing system. Science 
293: 47-48 (2001) 

94. Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D. and Mann, 

M.E. The Scope of Medieval Warming. Science 292:2011-2012(2001) 

95. Myneni, R.B., Dong, J., Tucker, C.J., Kaufmann, R.K., Kauppi, P.E., Liski, J., Zhou, 
L., Alexeyev, V. and Hughes, M.K. A large carbon sink in the woody biomass of northern 
forests. PNAS: Proceedings of the National Academy of Science: 98 (26): 14784-9 (2001)* 

96. Mann, M.E., Bradley, R.S., Briffa, K., Cole, J., Hughes, M.K., Overpeck,J.T., Jones, 
J.M., von Storch, H., Widmann, M., Wanner, H., and S.L.Weber, Reconstructing Late Holocene 
Climate, £o.s 82, 553,(2001) 

97. Hughes, M.K. An improved reconstruction of summer temperature at Srinagar, 
Kashmir since 1660 AD, based on tree-ring width and maximum latewood density oi Abies 
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pindrow [Royle] Spach. Palaeobotanist: 50: 13-19 (2001)* 

98. Hughes, M.K. Dendrochronology in climatology - the state of the art. 
Dendrochronologia^ 20, 95-116 (2002) 

99. Mann, M.E.and Hughes, M.K. Tree-Ring Chronologies and Climate Variability. Science: 
2002 296: 848. 

1 00. Sheppard, P., Andrew C Comrie, Gregg D Packin, Kurt Angersbach, Malcolm K 
Hughes. The climate of the US Southwest. Climate Research, 21, 219-238 (2002)* 

101. Fenbiao Ni, Tereza Cavazos, Malcolm K. Hughes, Andrew C . Comrie, and Gary 
Funkhouser. Cool Season Precipitation in the Southwestern United States since AD 1000: 
Comparison of Linear and Nonlinear Techniques for Reconstruction. International Journal of 
Climatology 22, 1645-1662(2002)* 

1 02. Tarhule, A. and Hughes, M.K. Tree-Ring Research in semi-arid West Africa: 
need and potential. Tree-Ring Research, 58, 31-46 (2002)* 

103. Shishov, V.V., Vaganov, E.A., Hughes, M.K. and Koretz, M.A. Spatial variations 
in the annual tree-ring growth in Siberia in the past century. Doklady Earth Sciences, 387, 1088- 
1091 (2002) 

104. Bradley, R.S., K.R. Briffa, J. Cole, M.K. Hughes and T.J. Osborn, : The climate 
of the last millennium. In: Alverson, K., R.S. Bradley and T.F. Pedersen (eds.) Paleoclimate, 
Global Change and the Future. Springer Verlag, Berlin, 105-149 (2003)*. 

105. Touchan, R., Garfin, G.M., Meko, D.M., Funkhouser, G., Erkan, N., Hughes, 
M.K. and Wallin, B.S.. Preliminary reconstructions of spring precipitation in Southwestern 
Turkey from tree-ring width. International Journal of Climatology, 23, 157-171 (2003)* 

106. Dong, J. , R.K. Kaufmann, R.B. Myneni, C.J. Tucker, P.E. Kauppi, J.Liski, W. 
Buermann, V. Alexeyev, M.K. Hughes. Remote sensing estimates of boreal and temperate forest 

jvoody biomass: carbon pools, sources, and sinks. Remote Sensing of Environment 84, 393-410 
(2003)* ^ 
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107. Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keimig, F.T., Optimal 
Surface Temperature Reconstructions using Terrestrial Borehole Data, Journal of Geophysical 
Research, 108 (D7), 4203, doi: 10.1029/2002JD002532 (2003)* 

108. Hughes, M.K. and G. Funkhouser. Frequency-dependent climate signal in upper 
and lower forest border trees in the mountains of the Great Basin. Climatic Change,59, 233-244 
(2003)* 

1 09. Kirdyanov, A., Hughes, M., Vaganov, E., Schweingruber, F., Silkin, P. The 
importance of early summer temperature and date of snow melt for tree growth in the Siberian 
Subarctic. Trees 17(1): 61-69 (2003)*. 

1 10. Panyushkina, I.P., Hughes, M.K., Vaganov, E.A. and Munro, M.A.R. Summer 
temperature in northern Yakutia since AD 1642 reconstructed from radial dimensions of larch 
tracheids. Canadian Journal of Forest Research. 33: 1-10 (2003)* 

111. Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, 
M.K., Jones, P.D., Oppenheimer, M., Osborn, T.J., Overpeck, J.T., Rutherford, S., Trenberth, 
K.E., Wigley, T.M.L., On Past Temperatures and Anomalous Late 20th Century Warmth,Eos, 
84, 256-258, 2003. 

1 12. Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, 
M.K., Jones, P.D., Oppenheimer, M., Osborn, T.J., Overpeck, J. T., Rutherford, S., Trenberth, 
K.E., Wigley, T.M.L., Response to Comment on 'On Past Temperatures and Anomalous Late 
20th Century Warmth', Eos, 84, 473, 2003. 

113. Bradley, R.S., Hughes, M.K. and Diaz, H.F. Climate in Medieval times. Science. 
302: 404-405,2003 

1 14. Hughes, M.K., Swetnam, T.W. and Diaz, H.F. Tree Rings and Climate - 
Sharpening the Focus. Eos 85, 303-304, 2004. 

1 15. Vaganov, E.A., Hughes, M.K., Silkin, P.P., and Nesvetailo, V.D. The Tunguska 

evenritn 908TeViderice from tree-ring anatomy. 391^399^ 2004* 
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116. Naurzbaev, M. M., Hughes, M.K. and Vaganov, E.A. Tree-Ring Growth Curves 
as Sources of Climatic Information. Quaternary Research 62, 126-133, 2004* 

1 1 7. Hughes, M.K. Interannual-scale to Century-scale Climatic Variability in Western 
North America. In. Murphy, D.D. and Stine, P.A., editors. Proceedings of the Sierra Nevada 
Science Symposium: 2002. October 7-10; Kings Beach, CA. Ge Tech Rep. PSW-GTR-193, 
Albany, CA: Pacific Southwest Research Station, Forest Service, US Department of Agriculture. 
Pp. 33-35. 2004 

1 1 8. Touchan, R., Xoplaki, E., Funkhouser, G., Luterbacjer, J., Hughes, M.K., Erkan, 
N., Akkemik, U., Stephan, J. Reconstructions of Spring/Summer Precipitation for the Eastern 
Mediterranean from Tree- Ring Widths and its Connection to Large-Scale Atmospheric 
Circulation, Climate Dynamics DOl 10.1007/s00382-005-0016-5 (2005)* 

1 19. Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, 
M.K., Jones, P.D. Proxy-based Northern Hemisphere surface temperature reconstructions: 
sensitivity to methodology, predictor network, target season, and target domain. Journal of 
Climate. (In press)* 

120. Vaganov, E.A., Hughes, M.K., and Shashkin, A.V. Growth Dynamics of Conifer 
Tree Rings: Images of Past and Future Environments. Springer Verlag. (In press). 

121. Touchan R, Funkhouser G, Hughes MK, Erkan N (2004) Standardized 
precipitation indices reconstructed from tree-ring width for the Turkish region. Climatic Change 
(in press)* 

122. Garfin, G.M. Hughes, M.K., Liu Yu, Bums,J.M., Touchan, R. Leavitt, S.W., An 
Zhisheng. Temperature and Precipitation Reconstructions from the Qinling Mountains, North- 
Central China. Tree-Ring Research (in review)* 

123. Anchukaitis, A.K., Evans, M., Kaplan, A.,. Vaganov, E.A.,.Grissino-Mayer, 
H.D,, Hughes, M.K. and Cane, M.A. Temporal change in climate controls on tree growth and 
the recent appearance^f drought sensitivity in southeasternJUnited States tr(^. Submitted 
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124. Hughes, M.K., Swetnam, T.W. and Diaz, H.F, (editors) Dendroclimatology: 
Progress and Prospects. (In preparation for Springer Verlag) 

125. Reichert, B.K., Evans, M.N., Kaplan, A., Vaganov, E.A., Hughes, M.K., and 
Cane, M.A.. A forward modeling approach to paleoclimatic interpretation of tree-ring data. 
Submitted. 
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Table 1: M K Hughes Funded projects 



Funding 

Agency 

Title 

Start Date 

Lead PI 

Co-PIs 

1 

NSF 

Arizona Center on Global Change: 
Planning Grant 

7/1/1988 

Malcolm 

Hughes 

Charles Hutchinson, 
William Sellers, 

Victor Baker 

2 

NSF 

Long-term Spatial and Temporal 
Variability of 

Precipitation, Evaporation, Soil 
Moisture and Runoff as Related to 
Drought Occurrence over 

Continental United States 

1/1/1989 

Charles 

Stockton 

Malcolm Hughes 

3 

NSF 

Solar Modulation of Atmospheric 
14C production during the Little Ice 
Age and Medieval Warm Epoch 
(Solar Wind, Flares and Irradiance) 

4/1/1990 

Paul 

Damon 

Malcolm Hughes and 
others? 

4 

NOAA 

Climatic Variations in the Asian 
Monsoon Region since AD 1600 

10/1/1990 

Malcolm 

Hughes 

Raymond Bradley, 
Lonnie Thompson 

5 

National 

Park 

Service: 

Global 

Change 

Program 

Tree-ring evidence of climatic 
change and vegetation responses 

6/1/1991 

Lisa 

Graumlich 

Malcolm Hughes 

6 

NSF 

Project ARRCC: Analysis of Recent 
and Rapid Climate Change 

9/15/1991 

Malcolm 

Hughes 


7 

NSF 

Global Change: Cosmic Rays, Solar 
Activity, Geomagnetism, 

Cosmogenic Isotopes and Climate 

6/15/1993 

Paul 

Damon 

Charles Sonett,Austin 
Long, Douglas 
Donahue,Malcolm 
Hughes 

8 

NOAA 

Climate in North-Central China 
since AD 1600 from Tree-Ring 
Variables 

6/1/1993 

Malcolm 

Hughes 

Steve Leavitt 

9 

NSF 

A multimillennial temperature 
reconstruction from far northeastern 
Eurasia 

4/1/1994 

Malcolm 

Hughes 


10 

NOAA 

Climate Variability in Western 

North America on decadal time 
scales 

5/1/1995 

Malcolm 

Hughes 

David Meko 

11 

NSF 

Preparation for collaborative work 
on past climate in Jordan 

10/1/1995 

Malcolm 

Hughes 

Ramzi Touchan 

12 

NOAA 

Late Holocene climate variability 
from long tree-ring chronologies 

6/1/1996 

Malcolm 

Hughes 


13 

NSF 

Development of Computer Assisted 
Tree Ring Dating System 

9/15/1996 

Malcolm 

Hughes 

Robert Schowengerdt 
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14 

CRDF 

Natural variability of summer 
temperature in the Siberian subarctic 
recorded in tree rings 

7/7/1997 

Malcolm 

Hughes 

Eugene Vaganov 

15 

NSF 

A Multimillennial Temperature 
Reconstruction from Far 

Northeastern Eurasia 

8/1/1997 

Malcolm 

Hughes 


16 

NOAA 

Climate variability, social 
vulnerability and public policy in 
the southwestern US: a proposal for 
regional assessment activities 

7/7/1997 

Roger 

Bales 

T. Finan, M.Hughes, 

D. Liverman, 
S.Sorooshian 

17 

USDA 

Forest 

Service 

A tree-ring reconstruction of 

Pandora Moth population histoiy in 
central and southern Oregon: 
expansion of exploratory study 

1/1/1997 

Tom 

Swetnam 

Malcolm Hughes 

18 

NOAA 

Decade-to-century hydroclimatic 
variability in Western North 

America 

8/1/1998 

David 

Meko 

Malcolm Hughes 

19 

NSF 

Temperature variability since AD 
1000 in the Western US from tree- 
ring 

8/1/1998 

Malcolm 

Hughes 

Connie Woodhouse, 
Peter Brown 

20 

NSF 

Climate and society on the Colorado 
Plateau, AD 500-1600 

5/1/1999 

Malcolm 

Hughes 

Jeff Dean 

21 

University 

of 

Massachuse 
tts (sub- 

nsfj _ 

Multiproxy climate reconstruction: 
Extension in space and time, 
model/data intercomparison 

9/1/1999 

Malcolm 

Hughes 


22 

NSF 

International Conference on 
Dendrochronology 2-7 April 2000, 
Mendoza, Argentina 

12/1/1999 

Malcolm 

Hughes 


23 

University 
ofNevada 
in Reno 
(sub- 
NOAA) 

Tree-ring construction of Climate 
Variability at the Tropical boundary 
of the American West 

6/1/2000 

Malcolm 

Hughes 

Wolfgang Berger, 
Franco Biondi, 

Daniel Cayan 

24 

CRDF 

Tree-ring measurements and NDVI 
as indicators of forest growth in 
Siberia as influenced by varying 
climate (Russia) 

7/1/2000 

Malcolm 

Hughes 

Eugene Vaganov 

25 

NSF 

Near East climate variability from 
tree-ring, Syria, Turkey, Jordan 

7/1/2000 

Ramzi 

Touchan 

Malcolm Hughes 
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26 

NSF 

The application of tree-ring 
analysis to reconstruct the 
drouhgt/hydro-climatic history 
of the West African Sahel 

5/7/1999 

Malcolm 

Hughes 


27 

NOAA 

Global multidecadal to century- 
scale climate oscillations during 
the last 1000 years 

5/1/2001 

Malcolm 

Hughes 


28 

NOAA 

Variability, social vulnerability, 
and public policy in the 
Southwestern United States: a 
propsal for regional assessment 
activities 

6/1/2001 

Roger 

Bales 

Barbara Morehouse, 
Soroosh Sorooshian, 
Andrew Comrie, 

Diana Liverman, 
Malcolm Hughes, 
Timothy Finan, Maria 
Carmen Lemos 

29 

NSF 

Development of an enhanced 
computer-assisted analysis 
system for eath science 
investigation of laminated 
sediments and tree rings 

1/1/2002 

Jonathan 

Overpeck 

Malcolm Hughes, 
Robert Schowengerdt 

30 

NSF 

Natural spatiotemporal 
variability of climate over the 
Western US in the late 

Holocene 

7/1/2002 

Malcolm 

Hughes 


31 

NOAA 

Collaborative: Reconstruction 
and analysis of patterns of 
climate variability over one to 
two millenia 

9/1/2002 

Malcolm 

Hughes 


32 

NSF 

Acquisition of an Analytical 
Facility for High-Resolution 
Paleoclimatology 

8/1/2003 

Michael 

Evans 

J. Warren Beck, 
J.T.Overpeck, 

J.E.Cole, Malcolm 
Hughes 

33 

NSF 

New and improved tree-ring 
records of climate from Siberia 

6/1/2003 

Malcolm 

Hughes 


34 

NOAA 

Time-dependent bias in tree- 
ring based reconstruction 

9/1/2003 

Malcolm 

Hughes 

Dave Meko 

35 

NSF 

Meeting on tree-ring and 
climate: sharpening the focus 

10/8/2003 

Malcolm 

Hughes 


36 

NOAA 

Meeting on tree-ring and 
climate: sharpening the focus 

1/1/2004 

Malcolm 

Hughes 


37 

institute for 
Aegean 

Prehistory 

Volcanic eruptions 3400-3700 
years ago recorded in Pinus 
longaeva tree-rings: expanded 
collections and analyses 

6/1/2005 

Malcolm 

Hughes 
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Dr. Rajendra K. Pachauri 
Chairman 

Intergovernmental Panel on Climate Change 
C/O IPCC Secretariat 
World Meteorological Organization 
7 bis Avenue de La Paix 
C.P. 2300 

Ch- 1211 Geneva 2 Switzerland 
Dear Chairman Pachauri: 

Questions have been raised, according to a February 14, 2005 article in The Wall Street Journal, 
about the significance of methodological flaws and data errors in studies by Dr. Michael Mann and 
co-authors of the historical record of temperatures and climate change. We understand that these 
studies of temperature proxies (tree rings, ice cores, corals, etc.) formed the basis for a new finding in 
the 2001 United Nation’s Intergovernmental Panel on Climate Change (IPCC) Third Assessment 
Report (TAR). This finding - that the increase in 20*^ century northern hemisphere temperatures is 
“likely to have been the largest of any century during the past 1,000 years” and that the “1990s was 
the warmest decade and 1998 the warmest year” - has since been referenced widely and has become 
a prominent feature of the public debate surrounding climate change policy. 

However, in recent peer-reviewed articles in Science, Geophysical Research Letters, Energy 
& Environment, among others, researchers question the results of this work. As these 
researchers find, based on the available information, the conclusions concerning temperature 
histories - and hence whether warming in the 20* century is actually unprecedented - cannot be 
supported by the Mann et. al. studies. In addition, we understand from the February 14 Journal 
and these other reports that researchers have failed to replicate the findings of these studies, in 
part because of problems with the underlying data and the calculations used to reach the 
conclusions. Questions have also been raised concerning the sharing and dissemination of the 
data and methods used to perform the studies. For example, according to the January 2005 
Energy & Environment, the information necessary to replicate the analyses in the studies has not 
been made fully available to researchers upon request. 
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The concerns surrounding these studies reflect upon the quality and transparency of federally 
funded research and of the IPCC review process - two matters of particular interest to the 
Committee. For example, one concern relates to whether IPCC review has been sufficiently robust 
and independent. We understand that Dr. Michael Mann, the lead author of the studies in question, 
was also a lead author of the IPCC chapter that assessed and reported this very same work, and that 
two co-authors of the studies were also contributing authors to the same chapter. Given the 
prominence these studies were accorded in the IPCC TAR, we seek to learn more about the facts 
and circumstances that led to acceptance and prominent use of this work in the ff CC TAR and to 
understand what this controversy indicates about the data quality of key IPCC studies. 

In light of the Committee’s jurisdiction over energy policy and certain environmental issues 
in the U.S. House of Representatives, the Committee must have full and accurate information 
when considering matters relating to climate change policy. We open this review because the 
dispute surroimding these studies bears directly on important questions about the federally 
funded work upon which climate studies rely and the quality and transparency of analyses used 
to support the IPCC assessment process. With the IPCC currently working to produce a fourth 
assessment report, addressing questions of quality and transparency in the underlying analyses 
supporting that assessment, bo^ scientific and economic, are of utmost importance if Congress 
is eventually going to make policy decisions drawing from this work. 

To assist us as we begin this review, and pursuant to Rules X and XI of the U.S. House of 
Representatives, please provide the following information requested below on or before July 11, 
2005: 

1 . Explain the IPCC process for preparing and writing its assessment reports, including, but 
not limited to: (a) how referenced studies are reviewed and assessed by the relevant 
Working Group; (b) the steps taken by lead authors, reviewers, and others to ensure the 
data underlying the studies forming the basis for key findings - particularly proxy and 
temperature data - are accurate and up to date; and (c) the IPCC requirements governing 
the quality of data used in reports. 

2. What specifically did IPCC do to check the quality of the Mann et. al. studies and 
underlying data, cited in the TAR? Did IPCC seek to ensure the studies could be 
replicated? 

3. What is your position with regard to; (a) the recent challenges to the quality of the Mann 
et. al. data, (b) related questions surrounding the sharing of methods and research for 
others to test the validity of these studies, and (c) what this controversy indicates about 
the data quality of key IPCC studies? 

4. What did IPCC do to ensure the quality of data for other prominent historical temperature 
or proxy studies cited in the IPCC, including the Folland et. al. and Jones et. al. studies 
that were sources for the graphic accompanying the Mann et. al. graphic in the Summary 
for Policy Makers? Are the data and methodologies for such works complete and 
available for other researchers to test and replicate? 
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5. Explain (a) the facts and circumstances by which Dr. Michael Mann served as a lead 
author of the very chapter that prominently featured his work and (b) by which his work 
became a finding and graphical feature of the TAR Summary for Policymakers. 

6. Explain (a) how IPCC ensures objectivity and independence among section contributors 
and reviewers, (b) how they are chosen, and (c) how the chapters, summaries, and the full 
report are approved and what any such approval signifies about the quality and 
acceptance of particular research therein. 

7. Identify the people who wrote and reviewed the historical temperature-record portions of 
the TAR, particularly Section 2.3, “Is the Recent Warming Unusual?” and explain all 
their roles in the preparation of the TAR, including, but not limited to, the specific roles 
in the writing and review process. 

8. Given the questions about Mann et. al. data, has the Working Group I or the IPCC made 
any changes to specific procedures or policies, including policies for checking the quality 
of data, for the forthcoming Fourth Assessment Report? If so, explain in detail any such 
changes, and why they were made. 

9. Does the IPCC or Working Group I have policies or procedures regarding the disclosure 
and dissemination of scientific data referenced in the reports? If so, explain in detail any 
such policies and what happens when they are violated. 

Thank you for your assistance. If you have any questions, please contact Peter Spencer of 
the Majority Committee staff at (202) 226-2424. 


Sincerely, 



Subcommittee on Oversight 
and Investigations 


cc: The Honorable John Dingell, Ranking Member 

The Honorable Bart Stupak, Ranking Member, 
Subcommittee on Oversight and Investigations 
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Rajendra K Pachaurl ma 

Chairman 




WMO 


August 1. 2005 

The Honourable Joe Barton 
Chairman 

Commincc on Energy and Gonimerce 
2125 Rayburn House Office Building 
Washi ngton, DC 205 15 


Dear Mr Banon 

Thanli you for your letter of June regarding the work of the Intergovernmental Panel on 
Climate Change (IPCC) on assessment of climate change. I am plet^d to provide the 
fblJowing information regarding the IPCC assessment process. 

*nie IPCC was established in 1988 jointly by the World Meteorological OrganizatiGn (WMO) 
and the United hiations EnvironmCTt Programme (UNEP). The role of the IPCC is to assess 
on a comprehensive, objective, open and transparent basis the scientific, technical and socio- 
economic information relevant to understanding the scientific basis of risk of human-induced 
climate change, its potential impacts and options for adaptation and mitigation. 

The overall decision making body for the IPCC is the Panel which comprises delegates, of 
member countries and meets in a Plenary Session at least once each year. The IPCC follows 
written procedures and principles established by the Panel for the preparation, review, and 
approval Of its assessment reports. Full details of these procedures and principles are publicly 
available nt: htto :// ww w.i occ .cli/abou t/Drocd.h tm . and are attached here for your convenience. 

Selection of authors for an IPGG Working (Sroup report is the responsibility of the 
corresponding IPCC Working Group Bureau which is elected by Government delegates in a 
Panel Session at the start of an IPCC assessment round. Our principles and procedures require 
that the Working Group Bureau select authors known for their publications and works, and 
that the authors and reviewers arc balanced in relation to ranges of views, expertise, and 
geographical distribution. The names of authors are publicly available during report 
preparation and prominently displayed in the published report. As an example, may I mention 
that the Working Group 1 contribution to the IPCC’s Third Assessment Report involved 122 
Lead Authors and 515 Contributing Authors. 

In preparing drafts for an IPCC report, Lead Authors work on the basis of contributions 
supported by the peer reviewed and internationally available published scientific and technical 
literature. In limited cases where unpublished material is used, copies of that material are 
made available to reviewers of the drafts on nequesL 


Please reply to: TfRI. IHC Complex. Lodhi Road, New Delhi 110 003, India 

Tel.:*91 n 2468 2121 or 2122 •Fax; +91 11 2468 2144 or 2145 •E-mail: chalrlpcc^ierLres.ln 
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A centi al feature of IPCG Assessment reports is that they are subject to two rounds of open 
and extensive review. The Working Group 1 contribution to the IPCC Third Assessment 
Report was reviewed by over 670 expert reviewei*s, whose names are gi ven in Apppendix HI 
of that report, in addition to reviews coordinated by Governments. AJI review comments are 
considered by the authors and a group of independent review editors ensure that aU 
substantive expert and Government review comments are afforded appropriate consideration. 
Author responses to all comments are recorded and archived.^ 

1 hope this clarifies the breadth of the author teams as well as the breadth and depth of the 
review process followed. The findings in a final IPCG report are not die views of any 
individual scientist but reflect a much broader process. 

Let me stress that the IPCC is an iniergovemmenial assessment body that is designed to meet 
the requirements of Governments for information relating to all aspects of climate change that 
is policy relevant but not policy prescriptive. The IPCC does not tindertakc research, 
including that related to scientific data. 

The final stage in the preparation of an EPGC assessment report is a line by line approval of a 
Summary for Policymakers and acceptance of the underlying report in a Plenaiy Session 
invol ving both authors of the report and government delegates. The Plenary Session for 
approval of the Working Group I contribution to the Third Assessment R^ri was held in 
Shanghai in January 2001 and attended by delegates from 99 member countries. 

As you will be aware, the Panel has decided to undertake a Fourth Assessment Report that 
wijl be completed in 2007. This decision recognizes the continual advances being made in 
clfmate change science and tlie need to periodically re-assess the peer-reviewed literature as 
new studies become available. The authors and reviewers involved in the assessment process 
that is now underway will thus consider new work in an objective fashion on the 
reconstruction of past temperatures among other topics pertinent to understanding climate 
change. This would include not only works that critique the literature considered in the Third 
Assessment Report such as those recent studies you have cited, but also those that support or 
extend it. As in the Third Assessment Report, careful attention will be paid to issues of 
balance and the scientific evaluation of levels of confidence including the broad range of 
published studies. 

1 trust that you will find this information useful. 


Sincerely 



R. K. Pachauri 
Chair 

Intergovernmental Panel on Climate Change 
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Dr. Arden L. Dement, Jr. 

Director 

National Science Foundation 
4201 Wilson Blvd. 

Arlington, Virginia 22230 

Dear Dr. Dement; 

Questions have been raised, according to a Febmary 14, 2005 article in The Wall Street Journal, 
about the significance of methodological flaws and data errors in studies by Dr. Michael Mann and 
co-authors of the historical record of temperatures and climate change. We understand that these 
studies of temperature proxies (tree rings, ice cores, corals, etc.) formed the basis for a new finding in 
the 2001 United Nation’s Intergovernmental Panel on Climate Change (IPCC) Third Assessment 
Report (TAR). This finding - that the increase in 20* century northern hemisphere temperatures is 
“likely to have been the largest of any century during the past 1,000 years” and that the ‘T990s was 
the warmest decade and 1998 the warmest year” - has since been referenced widely and has become 
a prominent feature of the public debate surrounding climate change policy. 

However, in recent peer-reviewed articles in Science, Geophysical Research Letters, Energy 
& Environment, among others, researchers question the results of this work. As these 
researchers find, based on the available information, the conclusions concerning temperature 
histories - and hence whether warming in the 20* century is actually unprecedented - cannot be 
supported by the Mann et. al. studies. In addition, we understand from the February 14 Journal 
and these other reports that researchers have failed to replicate the findings of these studies, in 
part because of problems with the underlying data and the calculations used to reach the 
conclusions. Questions have also been raised concerning the sharing and dissemination of the 
data and methods used to perform the studies. For example, according to the January 2005 
Energy & Environment, the information necessary to replicate the analyses in the studies has not 
been made fully available to researchers upon request. According to the article, the authors’ 
requests for National Science Foundation assistance to obtain this information have been turned 
down. 
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The concerns surrounding these studies reflect upon the quality and transparency of federally 
funded research and of the IPCC review process - two matters of particular interest to the 
Committee. For example, one concern relates to whether IPCC review has been sufficiently 
independent. We understand that Dr. Michael Mann, the lead author of the studies in question, 
was also a lead author of the IPCC chapter that assessed and reported this very same work, and that 
two co-authors of the studies were also contributing authors to the same chapter. Given the 
prominence these studies were accorded in the IPCC TAR, we seek to learn more about the facts 
and circumstances that led to acceptance and prominent use of this work in the IPCC TAR and to 
understand what this controversy indicates about the data quality of key IPCC studies. 

As you know, sharing data and research results is a basic tenet of open scientific inquiry, 
providing a means to judge the reliability of scientific claims. The ability to replicate a study, as 
the National Research Council has noted, is typically the gold standard by which the reliability of 
claims is judged. Given the questions reported about data access surrounding these studies, we 
also seek to learn whether obligations concerning the sharing of information developed or 
disseminated with the support of your agency have been appropriately met. 

In light of the Committee’s jurisdiction over energy policy and certain environmental issues, 
the Committee must have full and accurate information when considering matters relating to 
climate change policy. We open this review because the dispute surrounding these studies bears 
directly on important questions about the federally funded work upon which climate studies rely 
and the quality and transparency of analyses used to support the IPCC assessment process. With 
the IPCC currently working to produce a fourth assessment report, addressing questions of 
quality and transparency in the underlying analyses supporting that assessment, both scientific 
and economic, are of utmost importance if Congress is eventually going to make policy decisions 
drawing fi-om this work. 

To assist us as we begin this review, and pursuant to Rules X and XI of the U.S. House of 
Representatives, please provide the following information requested below on or before July 11, 
2005: 

1 . Explain in detail your policies and procedures regarding the disclosure and dissemination 
of scientific data obtained with federal funds and grants, including, but not limited to: (a) 
a copy of all such applicable policies and internal guidance relating to implementation of 
such policies, (b) the obligations of universities, individuals, and other funding recipients 
regarding these policies, (c) the agency departments and individuals charged with 
ensuring such policies are implemented, and (d) the steps your agency takes to ensure 
these policies are implemented. 

2. List all grants and all other funding awards given for research in the area of climate or 
paleoclimate research, including, but not limited to, the dates of the awards, the identity 
of the recipients, principal investigators, and whoever is contractually obligated to ensure 
provisions of the awards are met. 

3. Explain how NSF ensures compliance with award provisions. 
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4. In the area of climate or paleoclimate research, are you aware of any violation of 
requirements or obligations concerning the sharing and dissemination of data and 
research, pursuant to applicable agency and federal policies? If so, describe each 
violation. 

5. Have you received any requests for access to the research or data in studies conducted by 
Mann et. al., cited in the IPCC Third Assessment Report? If so, identify and provide all 
records relating to such requests. 

6. Describe in detail how your agency has supported or disseminated the information 
developed in the Mann et. al studies. 

7. Does your agency consider the IPCC review and writing process for the TAR to be 
consistent with your agency's policies or guidelines relating to information or data 
quality? Explain where the review and writing process is consistent or inconsistent in 
this regard. 

Please note that, for the purpose of responding to this request, the applicable time period is 
1995 to present. The terms “records” and “relating” should be interpreted in accordance with the 
attachment to this letter. 

Thank you for your assistance. If you have any questions, please contact Peter Spencer of 
the Majority Committee staff at (202) 226-2424. 

Sincerely, 



Subcommittee on Oversight 
and Investigations 


cc: The Honorable John Dingell, Ranking Member 

The Honorable Bart Stupak, Ranking Member, 
Subcommittee on Oversight and Investigations 


Attachment 
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ATTACHMENT 

The term “records” is to be construed in the broadest sense and shall mean any written or 
graphic material, however produced or reproduced, of any kind or description, consisting of 
the original and any non-identical copy (whether different from the original because of notes 
made on or attached to such copy or otherwise) and drafts and both sides thereof, whether 
printed or recorded electronically or magnetically or stored in any type of data bank, 
including, but not limited to, the following: correspondence, memoranda, records, summaries 
of personal conversations or interviews, minutes or records of meetings or conferences, 
opinions or reports of consultants, projections, statistical statements, drafts, contracts, 
agreements, purchase orders, invoices, confirmations, telegraphs, telexes, agendas, books, 
notes, pamphlets, periodicals, reports, studies, evaluations, opinions, logs, diaries, desk 
calendars, appointment books, tape recordings, video recordings, e-mails, voice mails, 
computer tapes, or other computer stored matter, magnetic tapes, microfilm, microfiche, 
punch cards, all other records kept by electronic, photographic, or mechanical means, charts, 
photographs, notebooks, drawings, plans, inter-office communications, intra-office and intra- 
departmental communications, transcripts, checks and canceled checks, bank statements, 
ledgers, books, records or statements of accoimts, and papers and things similar to any of the 
foregoing, however denominated. 

The terms “relating,” “relate,” or “regarding” as to any given subject means anything that 
constitutes, contains, embodies, identifies, deals with, or is in any manner whatsoever 
pertinent to that subject, including but not limited to records concerning the preparation of 
other records. 
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NATIONAL SCIENCE FOUNDATION 

4201 WILSON BOULEVARD 
ARLINGTON. VIRGINIA 22230 


July 18, 2005 

OFFICE OF THE 
DIRECTOR 

The Honorable Joe Barton, Chairman 
Committee on Energy and Commerce 
The Honorable Ed Whitfield, Chairman 
Subcommittee on Oversight and Investigations 
House of Representatives 
2125 Rayburn House Office Building 
Washington, D.C. 20515 

Dear Representatives Barton and Whitfield: 

I am responding to your letter of June 23, 2005. You asked several questions about NSF 
policy and practices regarding the dissemination of data obtained wifh NSF funded 
scientific research grants. You also requested specific information about NSF funding of 
paleoclimate research, as well as information about any inquiries related to the research 
specifically conducted by Dr. Mann, et al., that was cited in the IPCC Third Assessment 
Report. We have provided below and in the attachments to this letter materials and 
information responsive to this request that are either publicly available or are routinely 
made available. * 


Question I 

Explain in detail your policies and procedures regarding the disclosure and 
dissemination of scientific data obtained with federal funds and grants, including, 
but not limited to: a) a copy of all such applicable policies and internal guidance 
relating to the implementation of such policies, (b) the obligations of universities, 
individuals and other funding recipients regarding these policies, (c) the agency 
departments and individual charged with ensuring such policies are implemented, 
and (d) the steps your agency takes to ensure such policies are implemented. 

Response 

NSF’s primary external policy document regarding the disclosure and dissemination of 
scientific data is the Grant Proposal Guide (GPG). The sharing of findings, data and 
other research products is addressed in the GPG Chapter VI.I 
(http://www.ns f g ov/pub.s/gDg/nsfD4 23/6.isD#V ID. The text is as follows: 


' Inasmuch as the information and documents provided are limited to those publicly available, this 
response does not require NSF to take a position with respect to committee jurisdiction. 


1 
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“L SHARING OF RNDINGS, DATA AND OTHER RESEARCH 
PRODUCTS 

NSF advocates and encourages open scientific communication. NSF expects 
significant findings from supported research and educational activities to be 
promptly submitted for publication with authorship that accurately reflects the 
contributions of those involved. It expects Principal Investigators (Pis) to share 
with other researchers, at no more than incremental cost and within a reasonable 
time, the data, samples, physical collections and other supporting materials 
created or gathered in the course of the work. It also encourages grantees to share 
software and inventions, once appropriate protection for them has been secured, 
and otherwise act to make the innovations they embody widely useful and usable. 

NSF program management will implement these policies, in ways appropriate to 
field and circumstances, through the proposal review process; through award 
negotiations and conditions; and through appropriate support and incentives for 
data cleanup, documentation, dissemination, storage and the like. Adjustments 
and, where essential, exceptions may be allowed to safeguard the rights of 
individuals and subjects, the validity of results and the integrity of collections, or 
to accommodate legitimate interests of investigators.” 

Post-award guidance can be found in NSF’s Grant Policy Manual (GPM). 

Dissemination of research results is addressed in the GPM Section 734 

fhttp://www.nsf.gov/pubs/manuals/gDm05 1 3 l/gpmOS 1 3 1 .pdf) and states: 

“734 Dissemination and Sharing of Research Results 

a. Investigators are expected to promptly prepare and submit for publication, with 
authorship that accurately reflects the contributions of those involved, all 
significant findings from work conducted under NSF grants. Grantees are 
expected to permit and encourage such publication by those actually performing 
that work, unless a grantee intends to publish or disseminate such findings itself 

b. Investigators are expected to share with other researchers, at no more than 
incremental cost and within a reasonable time, the primary data, samples, physical 
collections and other supporting materials created or gathered in the course of 
work under NSF grants. Grantees are expected to encourage and facilitate such 
sharing. Privileged or confidential information should be released only in a form 
that protects the privacy of individuals and subjects involved. General 
adjustments and, where essential, exceptions to this sharing expectation may be 
specified by the funding NSF Program or Division for a particular field or 
discipline to safeguard the rights of individuals and subjects, the validity of 
results, or the integrity of collections or to accommodate the legitimate interest of 
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investigators. A grantee or investigator also may request a particular adjustment 
or exception from the cognizant NSF Program Officer. 

c. Investigators and grantees are encouraged to share software and inventions 
created under the grant or otherwise make them or their products widely available 
and usable. 

d. NSF normally allows grantees to retain principal legal rights to intellectual 
property developed under NSF grants to provide incentives for development and 
dissemination of inventions, software and publications that can enhance their 
usefulness, accessibility and upkeep. Such incentives do not, however, reduce the 
responsibility that investigators and organizations have as members of the 
scientific and engineering community, to make results, data and collections 
available to other researchers.” 

As mentioned above, NSF’s policies on dissemination and sharing of research results are 
also made a condition of the award by the NSF Grant General Conditions (GC-1) Article 
38 nittp://www.nsf.gov/Dublications/Dub summ.isr)?ods kev=gcl605y The text of 
Article 38 is as follows: 

“38. Sharing of Findings, Data, and Other Research Products 

a. NSF expects significant findings from research and education activities it 
supports to be promptly submitted for publication, with authorship that accurately 
reflects the contributions of those involved. It expects investigators to share with 
other researchers, at no more than incremental cost and within a reasonable time, 
the data, samples, physical collections and other supporting materials created or 
gathered in the course of the work. It also encourages grantees to share software 
and inventions or otherwise act to make the innovations they embody widely 
useful and usable. 

b. Adjustments and, where essential, exceptions may be allowed to safeguard the 
rights of individuals and subjects, the validity of results, or the integrity of 
collections or to accommodate legitimate interests of investigators.” 

Internal guidance for Foundation staff on data sharing issues is contained in the NSF 
Proposal and Award Manual (PAM). The policy is located in Chapter VII.G.2.b and the 
text of that section reads: 

^Sharing of Findings, Data, and Other Research Products 

The National Science Foundation advocates and encourages open scientific 
communication. The NSF expects significant findings from research and 
education activities it supports to be promptly submitted for pubiicaiion, with 
authorship that accurately reflects the contributions of those involved. It expects 
investigators to share with other researchers, at no more than incremental cost and 
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within a reasonable time, the data, samples, physical collections, and other 
supporting materials created or gathered in the course of the work. It also 
encourages awardees to share software and inventions or otherwise act to make 
the innovations they embody widely useful and usable. 

NSF Program management will implement these policies, in ways appropriate to 
the field and circumstances, through the proposal review process; through award 
negotiations and conditions; and through appropriate support and incentives for 
data cleanup, documentation, dissemination, storage, and the like. Adjustments 
and, where essential, exceptions may be allowed to safeguard the rights of 
individuals and subjects, the validity of results, or the integrity of collections or to 
accommodate legitimate interests of investigators.” 


It should also be noted that proposers must specifically address plans for the sharing of 
data in the Project Description section of their proposal. The Grant Proposal Guide 
Chapter n.C.2.d.(i) (httD://wvm.nsf.gov/pubs/gDg/nsfD4 23/2.isp#IIC2dl outlines the 
information that must be included in each proposal submitted to NSF: 

“The Project Description should outline the general plan of work, including the 
broad design of activities to be undertaken, and, where appropriate, provide a 
clear description of experimental methods and procedures and plans for 
preservation, documentation, and sharing of data, samples, physical collections, 
curriculum materials and other related research and education products. It must 
describe as an integral part of the narrative, the broader impacts resulting from the 
proposed activities, adtossing one or more of the following as appropriate for the 
project: how the project will integrate research and education by advancing 
discovery and understanding while at the same time promoting teaching, training, 
and learning; ways in which the proposed activity will broaden the participation 
of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.); 
how the project will enhance the infrastructure for research and/or education, such 
as facilities, instrumentation, networks, and partnerships; how the results of the 
project will be disseminated broadly to enhance scientific and technological 
understanding; and potential benefits of the proposed activity to society at large. 
Examples illustrating activities likely to demonstrate broader impacts are 
available electronically on the NSF Website.” 


The Foundation’s policies make clear to our funding recipients what their obligations are 
with regard to dissemination and sharing of data from NSF funded projects and NSF 
program management ensures these policies are implemented via a myriad number of 
avenues outlined above. 
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Question 2 

List all grants and other funding awards given for research in the area of climate 
or paleoclimate research, including, but not limited to, the dates of the awards, the 
identity of the recipients, principal investigators, and whoever is contractually 
obligated to ensure provisions of the awards are met. 


Response 

Attachment 1 provides a list of all such awards from 1995 to June 15, 2005. This 
attachment includes the principal investigator, grantee institution, title of the 
grant, start date and award amount, all of which is information publicly available 
on NSF’s Website. Under NSF’s General Grant Terms and Conditions it is the 
responsibility of the grantee institution to insure that award provisions are met. 


Question 3 

Explain how NSF ensures compliance with award provisions? 


Response 

NSF program management implements the data sharing policies in ways that are 
appropriate to the field and circumstances, through the proposal review process; through 
award negotiations and conditions; and through appropriate support and incentives for 
data cleanup, documentation, dissemination, storage, and the like. Adjustments and, 
where essential, exceptions have been permitted to safeguard the rights of individuals and 
subjects, the validity of results, the integrity of collections or to accommodate legitimate 
interests of investigators. 

In addition, if a proposer has received funding from NSF in the past, they must report in 
their proposal on the results of that prior NSF support. Instructions on what is required 
are listed in the Grant Proposal Guide Chapter ILC.2.d.(iii) and state: 


‘Tf any Principal Investigator (PI) or co-PI identified on the project has received 
NSF funding in the past five years, information on the award(s) is required. Each 
PI and CO-PI who has received more than one aw^ard (excluding amendments) 
must report on the award most closely related to the proposal. The following 
information must be provided: 

(a) the NSF award number, amount and period of support; 

(b) the title of the project; 
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(c) a summary of the results of the completed work, including, for a research 
project, any contribution to the development of human resources in science and 
engineering; 

(d) publications resulting from the NSF award; 

(e) a brief description of available data, samples, physical collections and other 
related research products not described elsewhere; and 

(f) if the proposal is for renewed support, a description of the relation of the 
completed work to the proposed work.” 


As part of the review process, reviewers are asked to comment on the quality of the prior 
work described in this section of the proposal and this is one of the factors taken into 
consideration when funding recommendations are made. 


Question 4 

In the area of climate or paleoclimate research, are you aware of any violation of 
requirements or obligations concerning the sharing and dissemination of data and 
research, pursuant to applicable agency and federal policies? If so, describe each 
violation. 


Response 

We are not aware of any violations of NSF policies on sharing and dissemination of 
paleoclimate data and research results. 
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Question 5 

Have you received any requests for access to the research or data in studies 
conducted by Dr. Mann, et al., cited in the IPCC Third Assessment Report? If so, 
identify and provide all records relating to such requests. 


Response 

The only request for such research results and data of which we are aware came 
from Mr. Stephen McIntyre of Toronto, Canada. The information and documents 
responsive to this request are supplied in Attachment 2. Because this same 
information would have been provided under a Freedom of Information Act 
request, we are not asking the Committee to accord it any special treatment or 
confidentiality. It is also our understanding that “source code” information or 
data sought by Mr. McIntyre is not, and never has been, within the custody of 
NSF. I have been advised that even if it were, such proprietary information would 
normally be protected from disclosure by Exemption b(4) of the FOIA and by the 
Trade Secrets Act. 


Question 6 

Describe in detail how your agency has supported or disseminated the information 
developed in the Mann et al studies. 

Response 

NSF supported the collection and analyses of some of the paleoclimate proxy data 
records used by Dr. Mann and other researchers in various climate 
reconstructions. The NSF does not disseminate the research results from the 
projects it fimds; rather, the investigators disseminate their results through the 
peer-reviewed literature, at scientific conferences, and through formal or informal 
lectures. Data may be made available through scientific publications, the 
investigator’s institution, and/or through publicly accessible data repositories. 


Question 7 

Does your agency consider the IPCC review and writing process for the TAR to 
be consistent with your agency’s policy or guidelines relating to information or 
data quality? Explain where file review and writing process is consistent or 
inconsistent in this regard. 
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Response 

NSF policies and guidelines do not address how other individuals or organizations 
use data disseminated by our grantees. 

I hope you find this response meets your needs. If you have questions or need any 
additional information, please contact David Stonner in our Office of Legislative and 
Public Affairs at (703) 292-8070. 


Sincerely, 



Arden L. Bement, Jr. 
Director 


cc: The Honorable John Dingell, Ranking Member 

The Honorable Bart Stupak, Ranking Member, 

Subcommittee on Oversight and Investigations 

The Honorable Sherwood L. Boehlert, Chairman 
The Honorable Bart Gordon, Ranking Member, 
Committee on Science 
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THE M 4&M critique OF THE MBH98 NORTHERN 
HEMISPHERE CLIMATE INDEX: UPDATE AND 
IMPLICATIONS 

Stephen McIntyre 

512-120 Adelaide St fVest Toronto, Ontario Canada M5H ITl; 

Ross McKitrick 

Department of Economics, University of Guelph, Guelph Ontario Canada N1G2WL 


ABSTRACT 

The differences between the results of McIntyre and McKitrick [2003] and Mann 
et at [1998] can be reconciled by only two series: the Gaspe cedar ring width 
series and the first principal component (PCI) from the North American tree ring 
network. We show that in each case MBH98 methodology differed from what was 
stated in print and the differences resulted in lower early 1 5th century index values. 
In the case of the North American PCI, MBH98 modified the PC algorithm so 
that the calculation was no longer centered, but claimed that the calculation was 
“conventional”. The modification caused the PCI to be dominated by a subset of 
bristlecone pine ring width series which are widely doubted to be reliable 
temperature proxies. In the case of the Gaspe cedars, MBH98 did not use archived 
data, but made an extrapolation, unique within the corpus of over 350 series, and 
misrepresented the start date of the series. The recent Corrigendum by Mann et at 
denied that these differences between the stated methods and actual methods have 
any effect, a claim we show is false. We also refute the various arguments by Mann 
et al. purporting to salvage their reconstruction, including their claims of 
robustness and statistical skill. Finally, we comment on several policy issues 
arising from this controversy; the lack of consistent requirements for disclosure of 
data and methods in paleoclimate journals, and the need to recognize the 
limitations of journal peer review as a quality control standard when scientific 
studies are used for public policy. 


1. INTRODUCTION 

The Northern Hemisphere temperature index of Mann et al [1998, "MBH98"], 
together Avith its extension in Mann et al [1999], was adopted by the Intergovernmental 
Panel on Climate Change [IPCC, 2001] as the canonical temperature history of the 
Northern Hemisphere. It is the authority for claims that the i990s were the warmest 
decade of the millennium and its influence on the public’s attitude towards climate 
change and climate change policy has been enormous, and was recently reinforced by 
its usage in the Arctic Climate Impact Assessment [ACIA, 2004]. 
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In McIntyre and McKitrick [2003, “MM03”], we attempted to replicate the results 
of MBH98 and encountered many data and methodological problems, some of which 
had a significant effect on the central MBH98 conclusions concerning the uniqueness 
of the late-20^*’ century climate. In response to MM03 and subsequent submissions and 
correspondence to Nature, Mann et al. have provided new information about MBH98, 
including an extensive archive of data and methods at the Supplementary Information 
(the “Corrigendum SI”) to Mann et. al., [2003, 2004a, 2004c, the “Corrigendum”], an 
extensive archive of data and methods at a University of Virginia FTP site, [Mann, 
2002-2004] and various written responses to our work [Mann et al 2003, 2004a, 
200b, 2004d]. Unfortunately Mann et al. have refused to provide the source code used 
to generate their results, other than the limited (but essential) programs used for tree 
ring principal components (PCs). They have also refused to provide supporting 
calculations for the individual calculation steps in MBH98, especially the 
controversial step from 1400-1450 (the “AD1400 step”). We made unsuccessful 
appeals to both Nature and the U.S. National Science Foundation, which funded 
MBH98, to compel release of this material. 

Because of this obstruction, not all the problems in MBH98 can be resolved. 
However, we believe that we have sufficient information in hand to: 

(1) completely reconcile the differing results of MM03 and MBH98; 

(2) establish the non-robustness of MBH98; 

(3) reject the temperature reconstruction in MBH98. 

The results presented here do not contradict the results of MM03, but are a logical 
development of the issues first raised therein. 

In order to establish our results, we have attempted to emulate all aspects of 
MBH98. Much of the controversy in the response to our first article on MBH98 
pertained to the accuracy of our emulation. We have followed all published 
information on the MBH98 procedures, and any remaining differences likely cannot 
be addressed without disclosure of the actual MBH98 code. However, none of the 
points established herein are affected by the remaining secrecy surrounding MBH98 
computational details (for full details of our emulation, including R code, see the 
Supplementary Information). We anticipate that there will be critical interest in the 
emulation itself and we will address these matters in a separate paper. 

One of the points of view advocated in this article is that individual data series 
matter in the MBH98 results. We disagree with the view that problems with individual 
series simply get washed out in a multiproxy study. In the context of the MBH98 
methodology this optimistic assumption is untenable. 

Section 2 explains the sources of difference between MM03 and MBH98. Section 
3 considers the issue of the robustness of MBH98 results. Section 4 discusses 
particular issues concerning bristlecone pine and cedar proxies, which are central to 
the matters in this paper. Section 5 deals with some remaining counter-arguments from 
Mann et al. and Section 6 offers concluding comments. 



378 


The M&M critique of the MBH98 Northern Hemisphere Climate Index 71 

2. RECONCILING MM03 AND MBH98 

Differences between MM03 results and MBH98-type results can be reconciled 
through variations in the handling of only two series, the Gaspe “northern treeline” 
series and the first principal component (PCI) from the North American proxy roster 
(NOAMER), The changes are illustrated in Figure 1 below. 



The top panel shows our emulation (version 3) of MBH98, which implements new 
information from the Corrigendum SI. Relative to the MBH98 reconstniction, it has a 
Reduction of Error (“RE”) statistic of 0.83 in the 1400-1901 period (R^ - 0.68) - both 
values lower than our version 2 emultion without the Corrigendum SI infonnation. 

The middle panel (“Archi ved Gaspe”) shows the effect of merely using the version 
of the Gaspe series archived at WDCP, rather than the version as modified by MBH98, 
accounting for a material change in the early 15^ century. The only difference between 
the two series is the extrapolation of the first four years in MBH98. Under MBH98 
methods, a series had to be present at the start of a calculation step in order to be 
included in the interval roster. In only one case in the entire MBH98 corpus was this 
rule broken - where the Gaspe series was extrapolated in its early portion, with the 
convenient result of depressing early IS^*’ century results. This extrapolation was not 
disclosed in MBH98, although it is now acknowledged in the Corrigendum [Mann et 
ah, 2004c ] , In MBH98, the start date of this series was misrepresented; we discovered 
the unique extrapolation only by comparing data as used to archived data. There are 
other considerations making this unique extrapolation singularly questionable. The 
Gaspe series is already included in the NOAMER principal components network (as 
cana036) and thus appears twice in the MBH98 data set, and the extrapolation. 
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curiously, is only applied to one of the columns. The underlying dataset is based on 
only one tree up to 1421 and only 2 trees up to 1447. Jones and Mann [2004] point to 
the need for “circumspect use” of tree ring sites with few early examples. The early 
portion of the series fails standard minimum signal criteria [e.g. Wigley et al 1984] 
and indeed fails the data quality standards Mann et. al. themselves listed elsewhere. 
The early portion of the series was not used by the originating authors [Jacoby and 
d Arrigo, 1989; D Arrigo and Jacoby, 1992]^ whose analysis only begins effective 
1601. In fact, Jones and Mann [2004] do not use the Gaspe series as an individual 
proxy and only use the Jacoby-d’ Arrigo northern treeline composite when it is 
adequately replicated after 1601. 

The bottom panel (“Archived Gaspe and Centered PCs”) shows the additional 
effect of using conventional (centered) PC methods and is virtually identical to MM03, 
MBH98 had stated that they used “conventional” principal components (PC) 
calculations. A conventional PC calculation applies standardization in which the 
columns are centered by subtracting their mean, which is done for the calculations in 
the bottom panel. Stepwise PC series are used (extending the NOAMER network back 
to AD 1400), thereby avoiding the main criticism leveled against MM03. 

Once again, MBH98 contained a misrepresentation, this time about their PC 
method. After the University of Virginia FTP site was made publicly available 
following MM03, by examining PC series archived there and, by examining source 
code for PC calculations,^ we were able to determine that MBH98 had not carried out 
a conventional PC calculation, but had modified the PC algorithm, by, among other 
things, subtracting the 1902-1980 mean, rather than the 1400-1980 column mean, 
prior to PC calculations, so that the columns were no longer centered on a zero mean 
in the 1400-1980 step. By this procedure, series are more decentered, and their 
variance more inflated, the larger is the difference between the series mean and the 
mean of the 20^^ century subset. The effect of this transformation would have been 
mitigated if they had carried out a singular value decomposition on the covariance 
matrix, but they carried it out on the de-centered data matrix. We have shown 
elsewhere that this method re-allocates variance so that the PC algorithm then strongly 
over-weights hockey stick-shaped proxies and that it is so efficient in mining a hockey 
slick shape that it nearly always produces a hockey-stick shaped PCI even from 
persistent red noise [McIntyre and McKitrick, 2005; discussed in Muller, 2004]. 

This observation has received a considerable amount of publicity and some 
observers have misunderstood the point. While we have made scripts available at our 
FTP site, for greater certainty, we show here the relevant R functions, which were used 


1 See weights in ftp;//holocene.evsc.virginia.edu/'piib/MBH98/TREE/ITRDB/NOAMER/pca-noamer.f. 

This program has 588 lines of Fortran code, of which the first 323 lines are particular to the PC calculations 
and the final 265 lines is an SVD routine. The 1902 1980 mean is removed in lines 168 173 as follows: 

168 c remove 1902 1 9xx mean from training data 

169 c 

1 70 do i==nlow,nhigh 

171 iyear= i-nlow+1 

1 72 aprox(iyear.j)=aprox(iyear.j)-roxave(j) 

173 end do 
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for these results and which show algorithmically exactly what Mann and we are doing. 
We emphasize that we are able to exactly replicate Mann’s PC calculations with these 
scripts and that, in unpublished material at Nature, Mann has replicated our PC 
calculations. Although many readers may not be familiar with R [R Development Core 
Team, 2004], we strongly believe that the provision of source code in the actual 
language is an essential part of ensuring replicable results and that there is sufficient 
commonality in source codes that the following code will illuminate the issues even 
for persons who are unfamiliar with the language. We have also chosen to highlight 
source code in the running text rather than a footnote, because source code issues turn 
out to be an essential finding. The detrended standard deviation was calculated with 
the following function: 

sd.detrend<-function(x) { t<-c( 1 :length(x)) ; fm<-lm(x'-t); sd.detrend<- 
sd(fm$residuals); sd.detrend } 

The MBH98 transformation was calculated with the following function: 

mannomatic<-function(x, M-78) {N<-length(x); xstd<- (x- mean( x[(N- 
M):N]))/sd(x[(N-M):N]); 

sdprox<-sd.detrend(xstd[(N-M):N]); mannomatic<- xstd/sdprox; mannomatic } 

The main effect of this transformation is through the de-centering, rather than the 
difference between detrended and undetrended standard deviations, which, in this 
case, is empirically rather slight. A default value of 78 for M is used to simplify use 
for the 1902-1980 calibration period, which is M+1 years long. 

The North American tree ring network for the AD 1400 step was collected into one 
matrix Tree, in this case of dimension 581x70. A matrix Tree, mannomatic transformed 
according to MBH98 was obtained through applying the above function to the matrix 
as follows: 

Tree.mannomatic<-apply(Tree,2, mannomatic) 

By applying the svd function in R, a singular value decomposition corresponding 
exactly to the archived results (eigenvalues, eigenvectors and PC series) at the 
University of Virginia FTP site^ was obtained: 

PCA.mannomatic.svd<-svd(Tree.mannomatic) 

We have reported that this algorithm nearly always yields hockey-stick shaped series 
from persistent red noise networks [McIntyre and McKitrick, 2005; also see below]. 

In response, some readers have expressed incredulity about whether our methods 


2 Directory <ftp://hoioceiie.cvsc.virginia.edu/pub/MBH98/TRHE/ITRDB/NOAMER/BACKTO 1400>, 

PCs at pcOI .out, . . . ; eigenvectors at eofD 1 .out, . . .eigen. out contains percentage variance for each eigenvalue 
of total variance rather than actual eigenvalues. 
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accurately reflect actual MBH98 methods. For this specific point - the replication of 
tree ring PC calculations, we re-iterate that we have exact replication of MBH98 PCs 
and that the above method, however implausible it may seem on first principles, is the 
method that was used in MBH98 tree ring PC calculations. 

While PC algorithms are related to SVD algorithms, they are not exactly the same. 
We were able to replicate the above results with a PC algorithm, only by specifying an 
uncentered option as follows: 

PCA.mannomatic.prcomp<-prcomp(Tree.mannomatic, center=FALSE) 

A different protocol is used for reporting eigenvalue information in the svd and 
prcomp algorithms, but the results are identical, allowing for the protocol.^ 

The method which we used in MM03, MM04a and MM04b can be shown by the 
corresponding command, displaying two differences clearly ~ not using the 
transformed data; and the use of a centered method. 

PC A. centered<-prcomp(Tree, center=TRU E) 

The default value is center=TRUE and the result would also have been realized by: 

PCA.centered<-prcomp(Tree) 

A centered calculation is clearly what one would expect in a “conventional” 
calculation. A centered calculation on the de-centered matrix is a possible variation, 
which can be implemented through: 

PC A.mannomatic .centered<-prcomp(Tree .mannomatic , center=TRLI E) 

In this case, the calculation is done on the covariance matrix of the transformed data 
and produces an intermediate result (in terms of the hockey stick shape of the PCI). 

We see no advantage to the MBH98 approach of using hundreds of lines of Fortran 
text to carry out the above functions, thereby opening up the possibility of error, since 
it can be easily done in a few lines of high-level programming languages, as shown 
above. While the MBH98 procedure may have originated as a programming error, the 
Corrigendum did not admit any error and seemed to take the position that the above 
method was intentional (even though it was undisclosed and tends to produce hockey 
sticks). Be that as it may, the key difference turns out to be not the stepwise principal 
components method, as claimed in Mann et al. [2003], but the use of an uncentered 
algorithm on de-centered data. Together with the MBH98 use of a non-archived 
version of the Gaspe series (containing a unique extrapolation), this fully reconciles 
MM03 and MBH98 results. 


3 PCA.mannomatic.svdSd = PCA.mannomatic.prcompSsdcv *sqrt (N-1), where N is the number of 
years in the calculation. PCA.mannomatic.svdSu[,k]=PCA.mannomatic.prcompSx[,k]/(sqrt(N-l) ♦PCA. 
mannomatic.prcomp$sdev( kj). 
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3. EFFECT OF SLIGHT VARIATIONS ON 15TH CENTURY TEMPERATURE 
RESULTS 

We presented these results in a slightly different form in McIntyre and McKitrick 
[2004a, 2004b]. In response to these results (and to MM03), Mann et al. [2004a, 
2004h, 2004d] argued that they can still obtain MBH98-type results under other 
conditions. While we differ with Mann et al on the issue of which methodological 
assumptions are “correct”, if the assumptions are specified sufficiently precisely, there 
is surprising consensus on the actual effects. Slight variations of methods and data lead 
on the one hand to MM-type results (with a 15* century higher than the late 20* 
century) or on the other hand to MBH-type results (with a 15* century lower than the 
late 20*). These can be summarized as follows. 

Variants on the NOAMER PCI (After Removing the Gaspe Series Extrapolation) 

• In the MBH98 de-centered PC calculation, a small group of 20 primarily 
bristlecone pine sites, all but one of which were collected by Donald Graybill and 
which exhibit an unexplained 20* century growth spurt (see Section 5 below), 
dominate the PCI. Only 14 such chronologies account for over 93% of the variance 
in the PCl,"^ effectively omitting the influence of the other 56 proxies in the 
network. The PCI in turn accounts for 38% of the total variance. In a centered 
calculation on the same data, the influence of the bristlecone pines drops to the PC4 
(pointed out in Mann et al, 2004b, 2004d), The PC4 in a centered calculation only 
accounts for only about 8% of the total variance, which can be seen in calculations 
by Mann et al. in Figure 1 of Mann et ai [2004d]. 

• If a centered PC calculation on the North American network is carried out (as we 
advocate), then MM-type results occur if the first 2 NOAMER PCs are used in the 
AD 1400 network (the number as used in MBH98), while MBH-type results occur 
if the NOAMER network is expanded to 5 PCs in the AD 1400 segment (as 
proposed in Mann et al, 2004b, 2004d). Specifically, MBH-type results occur as 
long as the PC4 is retained, while MM-type results occur in any combination which 
excludes the PC4. Hence their conclusion about the uniqueness of the late 20* 
century climate hinges on the inclusion of a low-order PC series that only accounts 
for 8 percent of the variance of one proxy roster. 

• If de-centered PC calculation is carried out (as in MBH98), then MM-type results 
still occur regardless of the presence or absence of the PC4 if the bristlecone pine 
sites are excluded, while MBH-type results occur if bristlecone pine sites (and PC4) 
are included. Mann’s FTP site [Mann, 2002-2004] actually contains a sensitivity 
study on the effect of excluding 20 bristlecone pine sites^ in which this adverse 
finding was discovered, but the results were not reported or stated publicly and 
could be discerned within the FTP site only with persistent detective work. 

• If the data are transformed as in MBH98, but the principal components are 
calculated on the covariance matrix, rather than directly on the de-centered data, the 


4 See <ftp://'holocenc.evsc.virginia.ediL/pub/MBH98/TREE/TTRDB/'NOAMEIl^BACKTO_1400/eofi) Lout> 

5 See <ftp://holocene.evsc.virginia.edu/pub/lV1BH9aTREE/ITRDB.NOAMER/B ACKTO_ 1 400- 
CENSORED> 
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results move about halfway from MBH to MM. If the data are not transformed 
(MM), but the principal components are calculated on the correlation matrix rather 
than the covariance matrix, the results move part way from MM to MBH, with 
bristlecone pine data moving up from the PC4 to influence the PC2. In no case 
other than MBH98 do the bristlecone series influence PCI, ruling out their 
interpretation as the “dominant component of variance” [Mann et al, 2004b] 

* If no North American PCI is used at all in the AD 1400 calculations (which occurs 
if PC calculations are done over the maximum period in which all sites are 
available, as done in MM03), then MM-type results occur under both centered and 
decentered PC calculations, with and without bristlecone pines. 

Variants on the Gaspe Series (After Applying Centered PC Method on 
NOAMER) 

* If the archived version of the Gaspe series is used, MM-type results occur. If the 
early {pre-1447) portion of the site chronology with less than 3 trees is not used [see 
discussion in Jones and Mann, 2004], MM-type results occur. If the duplicate 
version of the Gaspe series used as an individual proxy is not used (while 
continuing the use of the Gaspe series in the NOAMER network with or without 
the extrapolation), MM-type results occur. MBH-type results occur only if a 
duplicate version of the Gaspe series is used as an individual proxy and the portion 
of the site chronology with 1-2 trees is used and if the first four years of the 
chronology are extrapolated under an ad hoc procedure not otherwise used in 
MBH98. Mann et al. [2004a, 2004b] justified the extrapolation as a means of 
maintaining representation of northern treeline series in this interval. If 
representation is achieved by use of the updated version of the Sheenjek River 
series (which meets replication standards in the 15^*^ century), then MM-type results 
occur. 

Variants on the Entire Procedure 

* If, as is suggested in Mann et al. [2004a, 2004b], no PC calculations are applied to 
the North American and Stahle/SWM networks and the sites are instead used as 
individual proxies (while otherwise carrying on with MBH98 methods), then 
MBH-type results are obtained regardless of whether the Gaspe series is duplicated 
or extrapolated. In this case, the MBH temperature reconstruction becomes little 
more than an index of bristlecone pine growth. However, if the bristlecone pine 
sites are excluded from this network, then MM-type results are obtained. 

We emphasize the consensus between ourselves and Mann et al. on the results of 
sufficiently well-defined calculations. The PC calculations themselves are replicated 
between parties to complete accuracy. Differences remain in the emulations of NH 
temperature (given the PC series), but Mann et at. [2003] showed a calculation with 
high early 15^*^ century results if the North American PCI w'ere unavailable; the 
comments in Mann et al [2004b] about the effect of the PC4 confirm this overall 
agreement if assumptions are sufficiently well defined. 

These results also show that the effects of individual series are not necessarily 
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washed out in a multiproxy method of MBH98 type, contrary to suggestions in Zorita 
et al [2003f^ and von St ore h et al. [2004]^. 

In response to a reader’s suggestion, we performed a sensitivity test in which we 
arbitrarily increased the ring widths of all non-Graybill (50 of 70) sites by +0.5 (index 
units) in the first half of the 15^^ century, and then re-calculated the PCI under MBH98 
methodology. The purpose is to evaluate how well the added variance is retained in the 
final temperature index. We provide the exact script here both to describe the 
calculation exactly and because the results are initially very counter-intuitive and have 
provoked some disbelief 

Tree.adj<- Tree #creates mirror object for testing 

Tree.adj[ 1 ;50,!graybill]<- Tree.adjf 1 :50,!graybill]+0.5 # adds 0.5 to all non-Graybill sites (mean is I ) 

Tree.adj.mannomatic<- apply(Tree.adj,2, mannomatic) # applies MBH98 transfonnation to columns 

PCA.adj.mamiomatic<-svd(Tree.adj.mannomatic) #svd on data matrix 

PC 1 .adj .mannomatic<- PC A.adj .mannomatieSu [ , 1 ] #selects PC 1 from svd model 

The results of this calculation are shown in Figure 2 together with the results from a 
centered calculation (all results smoothed). For a centered calculation, the increased 
ring widths for the first 50 years lead to an increase in the PCI as expected. However, 
under the MBH98 de-centered method the increased ring widths for 50 non-Graybill 
sites in the early 15* century causes a significant decrease (!) in the early 15* century 
PCI. Carried forward through to Northern Hemisphere temperature calculations, 
these increased ring widths would be construed by the MBH98 method as evidence of 
colder temperatures in the early 15^^ century. 

This rather perverse result nicely illustrates a problem of mechanically applying a 
numerical algorithm like PC analysis without regard to whether it makes sense for the 
underlying physical process. PC methods are indifferent to the orientation (up or 
down) ot a series - the difference is merely the presence or absence of a negative sign. 
A vivid example in this context is the archived PCI for Mann et al. [1999],^ which is 
upside-down as archived, but which was flipped for presentation purposes in Mann et 
al. [1999]. Under the MBH98 algorithm, the addition of the extra values in the first 
half of the 1 5* century causes the algorithm to flip the series upside-down so that they 
match as well as possible to the bristlecone pines, whose hockey stick pattern is 

6 “MBH98’s method yields an estimation of the value of the temperature PCs that is optimal for the set of 
climate indicators as a whole, so that the estimations of individual PCs cannot be traced back to a particular 
subset of indicators or to an individual climate indicator. This reconstruction method otters the advantage 
that possible errors in particular indicators are not critical, since the signal is extracted from all the indicators 
simultaneously.” 

7 ‘The optimized temperature fields target the whole available proxy network at a given time, so that the 
inclusion of a few instrumental data sets in the network should have little influence on the estimated fields, 
unless the instnmicntal records are explicitly overweighted. The advantage is that the metliod is robust 
against very noisy local records. This contrasts with direct regression methods, where the estimated 
temperature fields are the predictands of a regression equation. In this case a few instrumental records, 
highly correlated to the temperature fields, may overwhelm the influence of proxy records with lower 
correlations in the calibration period.” 

8 tlp://ftp.ngdc.noaa.gov/paleo/contributions_by_author/mann 1 999/proxics/itrdb-namer-pcl ,dat>. 
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Figure 2. North American ADI 400 PCI . Above: PCI using centered calculations; 
below: MBH98 PCI using decentered method. Solid-base case; dashed ~ with 
arbitrary addition of 0.5 to non-Graybill sites from 1400-1450. 25-year smoothing is 

applied. 

imprinted on the PCI. This does not occur using a centered algorithm. 


4. ROBUSTNESS 

The sensitivity of 15^' century results to such slight variations of method and data 
show a frmdamental instability in MBH98 results, related especially to the presence or 
absence of bristlecone pines and Gaspe cedars. This flatly contradicts some claims by 
Mann et al. about the robustness of MBH98 results. MBH98 stated the following: 

the iong-'term trend in NH is relatively robust to the inclusion of 
dendroclimatic indicators in the network, suggesting that potential 
tree growth trend biases are not influential in the multiproxy climate 
reconstructions, (p. 783, emphasis added) 

This was stated in even stronger, and equally misleading, terms in Mann et al [2000] 
as follows: 

We have also verified that possible low-frequency bias due to non- 
climatic influences on dendroclimatic (tree-ring) indicators is not 
problematic in our temperature reconstructions. . ..Whether we use all 
data, exclude tree rings, or base a reconstruction only on tree 
rings, has no signiflcant effect on the form of the reconstruction 
for the period in question. . . . These comparisons show no evidence 
that the possible biases inherent to tree-ring (alone) based studies 
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impair in any significant way the multiproxy-based temperature 
pattern reconstructions discussed here. 

(http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro,html, emphasis added) 

The synopsis of results in Section 3 effectively disproves these claims, regardless of 
the point of view that one may take on questions such as whether 2 PCs or 5 PCs is 
“correct’' for the AD 1400 North American network. Each of the permutations 
discussed above is a sensitivity test much less draconian than excluding all tree rings. 
Both the Gaspe cedar series and the bristlecone pine series are obviously subsets of the 
dendroclimatic indicators and each has a significant effect on the 15^' century results, 
as indeed do the specific methodological decisions (extrapolation, decentered PC 
calculations), which enhance the effect of these series. 

Figure 3 may be helpful in illustrating exactly why these tw'o series have such a 
dramatic impact on early 15* century results. The left panel is a scatterplot as follows. 
For each of the 22 proxies in the AD 1400 roster we computed the correlation between 
each proxy and the temperature PCI over the 1902-1980 interval (x-axis), and the 
difference between the 1902-1980 mean and the 1400-1450 mean, divided by the 
1400-1980 standard deviation (y-axis). The 1902-1980 interval is the MBH98 
calibration period and is the interval over which the mean is computed in the PC 
decentering. It can be shown that the PC weights for each proxy in the AD 1400 
network are closely related to the correlation with the temperature PCI . The difference 
of means is a measure of “MBH-ness” - series with a zero value are flat, while those 
with an absolute value in excess of 1 have a a hockey stick shape (sometimes upside- 
up and sometimes upside-down). The two points in the top right hand comer represent 




Proxy Network 


Figure 3, Left: Scatterplot with x-axis: correlation between AD 1400 step proxies and 
the temperature PCI in the calibration period 1902-1980; y-axis: difference between 
1902-1980 mean and 1400-1450 mean divided by 1400-1980 standard deviation, 
right: cumulative contribution to standardized difference between 1902-1980 mean 

and 1400-1450 mean. 
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the MBH98 NOAMER PCI and Gaspe tree ring series. Except for these two points 
there is an overall negative relationship between the difference of means and the 
correlation with temperature: i.e. hockey stick series fit the temperature data relatively 
poorly in the calibration interval. But the NOAMER PCI and Gaspe series are such 
influential outliers that they reverse this pattern for the model as a whole. 

In the right panel the 22 series in the AD1400 step are introduced sequentially into 
the multiproxy calibration model with the Gaspe and NOAMER PCI series 
introduced last. The standardized difference between the 1902-1980 mean NH 
temperature and the 1400-1450 mean NH temperature is computed at each step. The 
relatively high 1902-1980 temperature in MBH98 (i.e. the hockey stick shape) results 
entirely from the contributions of the two final outlier values. 

If the same calculations are carried out using centered principal components 
calculations and the Sheenjek River series is used as a northern treeline proxy instead 
of the Gaspe series, as represented in Figure 4, there are no longer two outlier series, 
resulting in the 1400-1450 mean temperature being higher than the 1902-1980 mean 
temperature. 

Some consternation has been expressed by critics of MM03 that its high early 15^^ 
century values are inconsistent with other supposedly independent temperature 
reconstructions. However, the MM results are obtained from the same underlying 
proxy set as MBH98. The influence of the two outlier series can be seen in a different 
way in Figure 5, which shows a simple comparison of the mean of Gaspe and 
NOAMER PCI against a weighted average of 6 series used in the AD 1400 network 


■s 

I 




Figure 4, As with Figure 3, but with centered PC calculations and Sheenjek River. 
Left: Scatterplot with x-axis: correlation between AD 1400 step proxies and the 
temperature PCI in the calibration period 1902-1980; y-axis: difference between 
1902-1980 mean and 1400-1450 mean divided by 1400-1980 standard deviation, 
right: cumulative contribution to standardized difference between 1902-1980 mean 
and 1400-1450 mean. The 1400-1450 mean temperature is now higher than the 
1902-1980 mean temperature. 
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1400 1500 1600 1700 1800 1900 2000 

Figure 5. Solid: Weighted average of 6 MBH98 AD1400 step proxies: 4 Quelccaya 
series (averaged to one series), Tometrask temperature reconstruction and Tasmania 
temperature reconstruction; Dashed - average of MBH98 NOAMER PCI and 
Gaspe. All series smoothed with 25-year Gaussian filter. 


(and often used in other multiproxy studies). The weights are calculated as follows: 
equal weight is given to the Tometrask and Tasmania series, while each of the 4 
constituent Quelccaya series are given a quarter- weight, reversing the sign for the 
accumulation series. All series are standardized. The strong negative bias of the two 
outlier series is evident, as is the closer relationship of the 6 series average to the MM- 
type reconstruction. 

5. BRISTLECONE PINES AND GASPE CEDARS 

Although considerable publicity has attached to our demonstration that the PC 
methods used in MBH98 nearly always produce hockey sticks, we are equally 
concerned about the validity of series so selected for over- weighting as temperature 
proxies. While our attention was drawn to bristlecone pines (and to Gaspe cedars) by 
methodological artifices in MBH98, ultimately, the more important issue is the 
validity of the proxies themselves. This applies particularly for the 1000-1399 
extension of MBH98 contained in Mann et al [1999]. In this case, because of the 
reduction in the number of sites, the majority of sites in the AD 1 000 network end up 
being bristlecone pine sites, which dominate the PCI in Mann et al [1999] simply 
because of their longevity, not through a mathematical artifice (as in MBH98). 

Given the pivotal dependence of MBH98 results on bristlecone pines and Gaspe 
cedars, one would have thought that there would be copious literature proving the 
validity of these indicators as temperature proxies. Instead the specialist literature only 
raises questions about each indicator which need to be resolved prior to using them as 
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temperature proxies at all, let alone considering them as uniquely accurate stenographs 
of the world’s temperature history. 

5.1 Bristlecone Pines 

There has been an undoubted increase in bristlecone pine ring widths in the 20^^ 
century. Gray hill and idso [1993] explicitly stated it is greater than could be explained 
by temperature. Ironically, Mann et al [1999] (referring to the bristlecone pine sites) 
admits the same thing: 

A number of the highest elevation chronologies in the western U.S. do 
appear, however, to have exhibited long-term growth increases that are 
more dramatic than can be explained by instrumental temperature 
trends in these regions, (p. 760) 

The anomalous 20* century growth rate for bristlecone pines is illustrated in Figure 6, 
which compares the standardized MBH98 PCI (dominated by bristlecone pines) to the 
Briffa et al [1992a] North American temperature reconstruction (using tree rings 
from many species), which is used in MBH98 itself, as well as Jones and Bradley 
[1993], Jones et al [1998] and Jones and Mann [2004]. There is little visual 
relationship. The correlation between the two series in the MBH98 calibration period 
of 1902-1980 is 0; the RE statistic for the MBH98 PCI as a predictor for the Briffa 
temperature reconstruction in a verification period of 1600-1901 is -7.7, showing no 
skill whatsoever. Thus, whatever “dominant component of variance” [Mann et al, 
2004a] is supposedly captured in the MBH98 PCI has apparently escaped detection 
in the Briffa reconstruction. The strong negative bias of the MBH98 PCI is evident in 
comparison to the Briffa reconstruction. The strong negative bias of the MBH98 PCI 
is also evident in periods where we have instrumental records in North America. There 
is no reason to believe that average temperatures in the 18* century were negative 3 
standard deviation units. 

Despite the reliance of MBH98 on the North American PCI, the validity of this 
series as a temperature proxy was not independently established in peer-reviewed 
literature. Co-author Hughes stated later [Hughes and Funkhouser, 2003] that the 
anomalous growth rate of bristlecone pines was a “mystery”, which should have raised 
questions about the PCI. The strong difference between the Briffa re-construction, 
comprised of many species, and the MBH98 PCI (representing only bristlecone pines) 
should also have raised questions about whether there may be species-particular 
effects related to any of the numerous unusual features of bristlecone pines. 

We surveyed the literature on bristlecone pines and report here on many 
peculiarities pertaining to this species, which should be clearly addressed prior to 
relying on the MBH98 PCI for policy purposes. 

Bristlecones are famously long-lived, but despite this, do not appear to senesce 
[tanner and Connor, 2001; Connor and tanner, 1 991 ]. They occur in an unusual strip 
bark form, where the bark in most long-lived trees dies around the circumference 
except for a small strip on one side. Unlike most pines, they continue to respire during 
the winter thereby consuming photosynthate [Schulze et al, 1967]. 
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Figure 6. Solid: North American temperature reconstruction of BrifFa et al. [1992a]. 

Dashed: the MBH98 North American PCL All series smoothed with a 25-year 
Gaussian filter. Both series are standardized by subtracting the 1902-1980 mean and 
dividing by the 1902-1980 standard deviation (re-scaling is not an issue here, since 
the PC calculations have already been done.) 

Tree lines at bristlecone pine sites were significantly higher in the past, especially 
during the Holocene Optimum about 6000 years ago, but also during the medieval 
period [LaMarche and Mooney, 1967; LaMarche, 1973]. In 1957, bristlecone pines in 
the Campito Mountain area were not reproducing [Billings and Thompson, 1957], 
indicating that more favourable conditions than the 1950s were required for 
bristlecones pine to become seedlings. 

The Sheep Mountain series, ca534, is the top-weighted series in the MBH98 
NOAMER PCl^ receiving 390 times the weight of the least-weighted series. 
LaMarche, Fritts, Graybill and Rose [1984] (all authors listed for emphasis) argued 
that the anomalous 20* century growth in bristlecone pines was attributable to CO 2 
fertilization, using Sheep Mountain as an example. In the 1980s, Donald Graybill 
followed up at the other bristlecone pine sites, collecting the samples which later 
comprised the NOAMER PCI. Graybill specifically sought out strip bark samples and 
reported that strip bark forms had much stronger 20* century growth than entire bark 
forms at the same site [Graybill and Idso, 1993]. More recently, Btmn et al. [2003] 
confirmed higher growth in strip bark forms than entire bark forms at sites in Montana. 


i ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/lTRDB/NOAMER/BACK TO 1400/ECOF01.OUT 
and series identifications in ftp://liolocene.evsc,virginia.edii/pub/'MBH98/TREE/ITRD /NOAMER/ 
BACTO_ 1 400/noamer-itrdb-ad 1 400 




391 


84 


Energy & Environment • VoJ. 16, No. L 2005 


Brooks et al [1996] also pointed out the impact of anthropogenic nitrogen on 
fertilization of high-altitude bristlecone pines, stating that: 

At these high-elevation catchments there has been a shift in ecosystem 
dynamics from an N-limited system to an N-saturated system as a 
result of anthropogenically-fixed N in wetfall and dryfall. Results 
from the Western Lakes Survey component of the National Surface 
Water Sur\'ey show that N saturation is a regional problem in the 
Colorado Front Range, with many lakes having (N03-) concentrations 
greater than 10 meq/L. Foliar N to P ratios in Bristlecone Pine increase 
with elevation in the Colorado Front Range, indicating that at higher 
elevations P is translocated from foliar tissue more efficiently than N 
and that increasing atmospheric deposition of N with elevation is 
causing a change from N limitation to P limitation in the highest- 
elevation Bristlecone Pines. 

Grayhill and Idso [1993] attributed the anomalous 20**^ century growth of strip-bark 
forms to CO 2 fertilization There are some possible reasons why CO^ fertilization may 
affect high-altitude strip bark forms more strongly than lower-altitude entire-bark 
forms and there is specific evidence for CO 2 fertilization for vegetation from the White 
Mountains, California, where important bristlecone pine stands are located [Mooney 
et al, 1964], The response to changes of CO 2 concentration in controlled experiments 
is strongly non-linear and attenuates as CO 2 levels increase. CO 2 levels at the high 
altitudes of bristlecone pines (3000-3500 m) are significantly lower than at sea level 
and, at the lower CO 2 levels at high-altitude, the response to increased CO^ levels is 
in a range with stronger response. 

The general hypothesis of C02 fertilization of tree growth has been hotly contested. 
Opponents [e.g. Jacoby and D'Arrigo, 1997 and Graumlich, 1991] have pointed to 
other sites which do not exhibit anomalous 20^^ century growth and argued that the 
anomalous growth effect is limited to high-altitude strip bark forms. More recently, 
Schauer et al [2001] reported that trees with strip-bark have significantly lower pre- 
dawn water potentials during the driest part of the growing season relative to non- 
strip-barked trees. So the anomalous growth of strip bark trees may be related to 
effects differing from CO 2 . 

Whatever side one takes on the CO 2 fertilization debate is really immaterial. Even 
if one adopts the position of Jacoby and Graumlich - that the effect is limited to strip 
bark forms ~ since the NOAMER PCI is comprised almost entirely of strip-bark forms 
it could easily be affected as a proxy, even under the limited position taken by Jacoby 
and Graumlich. 

Mann et al [1999] purported to adjust the NOAMER PCI for CO 2 fertilization, by 
coercing the shape of the NOAMER PCI to the Jacoby northern treeline 
reconstruction in the 1750-1980 period, arguing that the northern treeline series would 
not be affected by CO 2 levels. Once one gets into such ad hoc adjustments, many new 
questions need to be answered about the validity of the adjustment procedure. In the 
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actual Mann et al [1999] adjustment, the main adjustment for “CO 2 fertilization’" 
takes place in the 19^^' century rather than the 20^^ century, with Mann et ai [1999] 
being forced into the counterintuitive position that the effect of CO 2 fertilization was 
somehow stronger in the 19^^ century but became attenuated in the 20^*' century, the 
exact opposite of the hypothesis of LaMarche et al [1984] and later Graybill and Idso 
[ 1 993 ]. If the differences between the northern treeline series and the bristlecone pines 
arise from some other factor (a couple of possibilities are discussed below), then the 
Mann et at. [1999] “adjustment” would have made the proxy record even more 
distorted. In MBH98, no such adjustment was made in the AD 1400 period in any 
event. (It also appears that no such adjustment was made in Mann and Jones [2003] 
or Jones and Mann [2004], but we are presently unable to confirm this.) 

An important influence on these trees is precipitation. Mann and Jones [2003] 
point out the need to distinguish between temperature and precipitation effects, which 
may have a different expression. Within bristlecone pine literature, LaMarche and 
Stockton [1974] pointed out that high-altitude bristlecone pine stands have both a 
lower limit and upper limit and argued that bristlecone pine growth at the lower limit 
was controlled by precipitation and at the upper limit by temperature. Hughes and 
Fimkhouser [2003] found regional correlations among high-altitude bristlecone pine 
growth, which they attributed to regional climate, but still concluded that the 
anomalous 20* century growth was a “mystery”. Even in upper limit stands, the 
bristlecone pine stands in the PCI are located in semi-arid regions and the bifurcation 
in LaMarche and Stockton [1974] may be overly simplistic. Studies of actual 
bristlecone pine growth have shown that it is limited by soil moisture [Fritts, 1969: 
Beasley and Klernmedson, 1973]. Even in higher stands, their principal botanical 
competition in many locations is with big sagebrush [Wright and Mooney 1965: 
Mooney et al, 1964] with bristlecones outcompeting big sagebrush on moister 
dolomite substrate. This effect is vividly illustrated by Figure 2 of Wright and Mooney 
[1965], where the sharp geological contact between the dolomite and sandstone is 
clearly shown by the change from bristlecone pines to sagebrush at the same elevation. 
The same effect is also perhaps shown in the charming 19* century painting (Figure 
7), where a sharp change in vegetation at the same elevation is easily observed. There 
is evidence that higher moisture levels in the 20* century in the American Southwest 
accounted for high growth rates in New Mexico [Grissino-Mayer, 1996: D 'Arrigo and 
Jacoby, 1991], where two of the LaMarche and Stockton [1974] sites are located. The 
effect may extend to other locations. In the classical bristlecone pine sites of the White 
Mountains, where a weather station operated close to Sheep Mountain and Campito 
Mountain from 1954 to 1980, records show low ring widths correlate to drought, even 
in upper limit stands. Mann and Jones [2003] pointed out that precipitation proxies 
need to be carefully distinguished from temperature proxies and a complete 
demonstration that these effects have been separated in bristlecone pines is obviously 
required. Williams [1996] reported that a continuous climate record since 1951 at 
Niwot Ridge in the Colorado Front Range, near a bristlecone pine site, showed a 
decline in mean annual temperature and an increase in annual precipitation amount. 

There is one other issue that needs to be canvassed and eliminated prior to reliance 
on bristlecone pines. The pulse in bristlecone pine growth is contemporaneous with a 
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Figure 7. 19th century painting showing bristlecone pines. Source; NOAA website. 

In the background, the pines reaching up the hill are almost certainly bristlecone 

pines on a dolomite substrate, with a sandstone substrate where there are no pines. 
Retrieved from <http ://www.ngdc. noaa. gov/paleo/drought/drght graumlich .html> 

pulse in woody plant growth throughout the American Southwest, attributed to 
overgrazing by sheep in the late 19* Century (see Figure 8), which in turn followed 
the extension of the railroads [Allen, 1998; Allen et al, 1998J. Sheep differ from other 
species in that they will completely destroy grasslands by eating down to the roots, 
leaving barrens [Allen, 1998]. Although Allen [1998] only documented the expansion 
of pinyon pines and junipers into terrain fomierly occupied by 19* century grasslands, 
Allen (2004, pers, comm.) did not exclude the possibility of a similar effect involved 
in anomalous 20* centuiy growth for bristlecone pines, but was unaware of any 
studies on the topic. There is a published reference to the introduction of large 
commercial sheep flocks in the late 19* century in the White Mountains CA [St Andre 
et al 1967], where the key sites of Sheep Mountain and Campito Mountain are 
located. The founder of the Sierra Club, John Muir, complained of the depredations of 
sheep in the Sierra Nevadas (adjacent to the White Mountains) as ‘'hoofed locusts’" 
[Muir, 1911]. Carl Purpus, a late 19* century botanical collector in the Sierra Nevadas, 
stated in 1896 that commercial flocks had cleaned out all grass to the top of Old Mt 
Whitney [present-day Mount Langley, which reaches 4,280 m] [Enter, 1988]. Allen 
(pers. comm., 2004) said that there was a large commercial sheep trail at Jicarita Peak 
NM, another bristlecone pine site studied hy LaMarche and Stockton [1974]. In severe 
high-altitude terrain, even after the departure of commercial flocks, a small population 
of bighorn sheep could prevent the re-establishment of grass (Leslie Thomas, 
Colorado Springs, landscape architect, pers. comm.) Since grass (and other herbs) 
compete with pines for scarce moisture, one can hardly exclude, on a priori basis, the 
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possibility of a connection between anomalous 20* century growth rates of bristiecone 
pines and a growth release following 19* century overgrazing, as experienced 
elsewhere in the American Southwest. 



Figure 8. Sheep grazing in ponderosa pine forests and grasslands near Flagstaff, AZ, 
ca. 1899. Image 21a by F.H. Maude, Cline Library Special Collections, Northern 
Arizona University. Retrieved from 
http://www.cpluhna.nau.edu/Change/grazing.htm 


Finally, there may even be problems with the site chronologies as indexes of actual 
growth. Cook and Peters []997] pointed out that conventional dendrochronology 
techniques resulted in a bias in 20* century results at Campito Mountain, one of the 
Graybill sites in the NOAMER PCI. Presumably the same effect applies to other 
bristiecone pine sites. 

If the reader takes the (reasonable, we think) view that these unusual trees are not 
mystical antennae for an elusive “climate signal” missed by all other proxy indicators, 
then each of the above problems and issues must be dealt with systematically, prior to 
any reliance being placed on bristiecone pine ring widths as the dominant arbiter of 
world climate history. 
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4.2 Gaspe Cedar Series 

The other critical series in MBH98 is the Gaspe cedar chronology. There are many 
interesting similarities between bristlecone pines and cedars. Kelly, Cook and Larson 
[1992] likened Eastern white cedars to bristlecone pines, pointing out the occurrence 
of strip bark forms and the apparent lack of senescence. Larson (pers. comm., 2004) 
stated that there is little aging effect in Ontario cliff cedars: they grow slowly when 
they are young and slowly when they are old. 

There is virtually no site information on the Gaspe cedar series. Sheppard and Cook 
[1988] mentions the site, but is not a comprehensive publication. They commented on 
its “peculiar’- growth spurt in the 20^ century, but cautioned that there were no other 
northern white cedar chronologies available so it was not possible to say whether it 
was indicative of climatic conditions or some other influence. Sheppard and Cook 
[1 988] referred to two other pending cedar studies, one in Maine and one in Michigan. 
The Maine series (Sag Pond) has been archived at WDCP and does not show any 20**^ 
century trend, while the Michigan series seems to have remained unpublished. 
Archambault and Bergeron [1992] published a cedar series from Lac Duparquet, 
Quebec, but it does not show any 20^ century trend and the authors reported a positive 
correlation to precipitation and a negative relationship to June temperature. For 
Ontario cedars, Kelly et al [1994] reported a strong negative relationship between 
temperature and observed growth rates in the 20^*^ century. 

Cedar growth is optimal under cool and moist conditions [Kelly et al, 1994; Matthes- 
Sears and Larson, 1990] and declines both in very hot and very cold weather (an upside- 
down U). A similar upside-down U pattern has been reported for bristlecone pines and 
two other conifer species [Schoettle, 2004]. In tact, the possibility of a quadratic ring 
width response to temperature has been recently posited by D 'Arrigo et al [2004] in 
connection with Twisted Tree Heartrot Hill. This possibility has far-reaching 
implications on the entire enterprise of estimating past temperatures from tree ring 
widths: with a quadratic (upside-down U) response, it is impossible to detennine 
whether a past narrow ring width resulted from cold or hot weather. 

We carried out our own comparison between gridcell temperature in the Gaspe area 
and Gaspe temperatures and did not find any correlation. 

Cook and Peters [1997] discussed above, explored spurious end-of-sample growth 
bias as an artifact of tree-ring chronology de-trending. Amazingly, in addition to the 
Campito Mountain bristlecone pine site, their other main example was the Gaspe 
series (cana036). In order to eliminate this bias, the underlying tree ring chronologies 
would have to be re-calculated, a calculation which would have the effect of reducing 
its hockey-stick shape, with implications that stand alone from any of the other issues 
raised in this paper. 

The Gaspe site was re-sampled in the early 1990s; we have seen a site chronology 
showing that the re-sampling did not replicate the previously reported 20^*^ century 
growth spurt. However, the new data has not been published or archived, and the 
originating authors have refused to disclose the new data on the grounds that the older 
data “better” shows temperature and because their research is “mission-oriented”. We 
have sought coordinates of the actual site in order to commission a re-sampling of the 
site, but we have not received this information despite repeated requests. 
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5. REFUTATION OF COUNTER-ARGUMENTS OF MANN ET AL. 

We now turn to a discussion of recent arguments of Mann et al. [2003. 2004a, 2004b, 
2004d]. purporting to counter our various criticisms. 

5.1 “Effective Omission’^ of Indicators 

Mann et al. [2004a. 2004h] argued that our use of centered principal components 
calculations amounted to an “effective omission” of the 70 sites of the North American 
network. They showed that a calculation excluding the North American PCI also 
resulted in MM-type results with high early 15"^ century values. Although the 
calculations to which they were referring (using centered PC methods) did not actually 
omit this network, since the results were similar to results without the PCI, Mann et 
al. argued that our calculations effectively omitted ihQSQ indicators. This critique fails 
on several counts. First, the North American PCI is only one of 22 series in the 
AD 1400 step. A robust statistical method should be relatively insensitive to the 
presence or absence of one of 22 series. If centered principal components calculations 
are used, the temperature index is relatively insensitive to the presence or absence of 
the North American PCI. On the other hand, it de-centered principal components 
calculations are used, the results are very unstable to the presence or absence of the 
North American PCI. Robustness considerations therefore tend to support the use of 
a conventional centered PC method. Second, using the MBH98 decentered method, 14 
bristlecone sites account for over 99% of the explained variance in the PCI. Using the 
terminology of Mann et al., under the decentered methodology, the other 56 sites are 
“effectively omitted” from the PCI, which is merely a carrier for the bristlecone pines. 
Using a centered methodology, the PCI is relatively similar to the mean of all the 
series. Thus, we believe that it is more accurate to characterize MBH98 de-centering 
methods as “effectively omitting” the majority of tree ring sites. 

Mann et al. [2004a, 2004b] also argued that use of the archived version of the 
Gaspe series amounted to an “effective omission” of the northern treeline series. Jones 
and Mann [2004] do not use the Gaspe series at all and only use the Jacoby northern 
treeline series in the relatively well-replicated portion after 1601. Simply applying the 
quality control criteria of Jones and Mann [2004] should not provoke complaints 
about “effective omission”. Moreover, we have specifically maintained the number of 
northern treeline series in the AD 1400 step, by using the updated version of the 
Sheenjek River series (which could have been used in 1997). Replication in the 
Sheenjek Ri ver series is much superior to that of the Gaspe series, which does not meet 
standard quality control criteria in its early portion. 

5.2 Tendency of decentered PC methods to yield PCI hockeysticks 

In McIntyre and McKitrick [2004a. 2004b], we pointed out that the de-centered PC 
method used in MBH98 tends to produce hockey-stick shaped series. We have 
sharpened this result considerably in McIntyre and McKitrick [2005]. There we define 
a hockey stick as a series in which the 1902— 1980 mean differs from the long-term 
mean by more than 1 standard deviation (a). Applying the MBH98 decentered PC 
method to trendless red noise with persistence properties of the North American tree 
ring network (modeled as fractional processes), in 10,000 simulations we found that 
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the 1902-1980 mean differed from the 1400-1980 mean by more than 
1 0 over 99% of the time, (1.5 0 -72%; 1.75 0 -19% and 2 0 -0.2%). The hockey 
stick blades sloped up about half the time and down half the time, but the 1902-1980 
mean is almost never within one 0 of the 1400-1980 mean. PC series are unoriented 
so that no significance is attributed to the sign. 

In their comment to the earlier version of this argument, Mann et al. [2004a, 2004b] 
argued that their PC series were simply linear combinations of the underlying proxies 
and that no pattern could be produced in the PCI which was not in the underlying data. 
It is of course true that the PC series are linear combinations of the proxies, but it is 
evident that the de-centering process preferentially selects series with hockey-stick 
shapes and this over-weighting is what yields a pattern that is not representative of the 
underlying data. The exclusive selection of bristlecones into the PCI should give rise 
to serious examination of why all other proxies are so efficiently discarded — a 
discussion which does not occur in MBH98. 

5.3 Lack of a linear response to temperature in “key” proxies 
In McIntyre and McKitrick [2004h], in our criticism of bristlecone pines as an arbiter 
of world climate, we pointed out (as above) that a linear response to temperature had 
not been established for these sites (as seemingly required by MBH98). Mann et al. 
[2004b] replied that: 

MM04 demonstrate their failure to understand our methods by 
claiming that we required that “proxies follow a linear temperature 
response”. In fact we specified (MBH98) that indicators should be 
“linearly related to one or more of the instrumental training patterns^”, 
not local temperatures. 

We doubt the authors really believe the idea of a temperature proxy exhibiting no 
relationship to local temperature makes much sense. It is instmctive to compare this 
response to the policy articulated in Jones and Mann [2004], which states: 

A number of other temperature reconstructions used in earlier 
multiproxy composites or in review papers [e.g., Jones et al., 1998; 

Mann et al., 1998a, 1999; Mann and Jones, 2003] are not included. 

This is because they are either less resolved than decadal resolution 
[e.g., Dahl-Jensen et al, 1998] or correlations with local grid box 
temperatures are not significant . . . 

Jones and Mann [2004] do consider “climate field reconstructions” (CFRs), which 
appear to be similar to “instrumental training patterns” of MBH98. In this case, Jones 
and Mann [2004] argue that the CFRs should be shown to be similar to some aspect 
of local climate during some part of the year. This would seem to invite opportunistic 
use of either precipitation or temperature as a climate indicator, something for which 
they reproached Soon et al. [2003]. But perhaps most telling is the comment of 
MBH98 co-author Hughes in Hughes and Funkhouser [2003], who did not attribute 
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the bristlecone pine growth to an “instrumental training pattern”, but stated that their 
anomalous 20* century growth rate is a “mystery”. 

5.4 Insignificant Values of Verification Statistics 

Mann et ai [2004a, 2004b] have argued that, regardless of how they got their results, 
their reconstmction with decentered PC methods and extrapolation of the duplicate 
Gaspe series has greater “skill” than a reconstruction with centered PC methods and 
use of the archived version of the Gaspe series. Most dendroclimatic reconstructions 
provide a suite of verification statistics, including RE, R^, CE, sign test and product 
mean test /e*.g. Cook et al, 1994]. In MBH98, only the RE statistic is reported for steps 
prior to the AD 1820 step, including the controversial AD 1400 step. Mann et al. have 
not provided their own results for the other verification statistics or supporting 
calculations from which these statistics could be calculated, and have refused requests 
for this information. McIntyre and McKi trick, 2005, using Monte Carlo simulations, 
shows that the MBH98 benchmark for 99% significance for the RE statistic is 
substantially under-stated (0.0 in MBH98 versus a Monte Carlo estimate of 0.59) and 
that the R^ and other verification statistics, which were not reported in MBH98, are 
statistically insignificant in the AD 1400 step. 

Mann et al. [2004b] contained a diatribe against the R^ statistic. However, in other 
papers [e.g. Mann and Jones, 2003], when they were in his favour, Mann has reported 
R^ statistics. In this case, we estimate the R^ statistic as being only 0.02 - obviously 
well short of statistical significance and strongly indicating that even the lower level 
of RE significance discussed above is spurious. 

5.5. ‘‘Confirmation” by other studies 

Mann et al. [2003, 2004a, 2004b] argued that their results are similar to those of 
“independent” studies, such as Jones, Briffa et al [1998], Crowley and Lowery 
[2000], Brijfa, Jones et al [2001], Mann and Jones [2003] and Jones and Mann 
[2004], calculated with different proxies and different methods. This “similarity” is 
typically shown by “spaghetti” diagrams supposedly illustrating the similarity, rather 
than through detailed analysis. 

These studies are hardly “independent”. If all the authors in the multiproxy articles 
are listed, one sees much overlapping. Mann himself was a co-author of two 
supposedly “independent” studies; his sometime co-author (as well as Bradley’s 
sometime co-author) Jones was co-author of two of the others. Even Crowley and 
Lowery [2000], where there is no apparent overlap, stated that they used data supplied 
by Jones. This hardly amounts to “independence” in any conventional use of the term. 

Many proxies are re-used in these studies, a point which Briffa and Osborn [1999] 
acknowledged, as follows: 

An uninformed reader would be forgiven for interpreting the similarity 
between the 1000-year temperature curve of Mann et al. and a variety 
of others also representing either temperature change over the NH as a 
whole or a large part of it (see the figure) as strong corroboration of 
their general validity, and, to some extent, this may well be so. 
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Unfortunately, very few of the series are truly independent: There is a 
degree of common input to virtually every one, because there are still 
only a small number of long, well-dated, high-resolution proxy 
records. 

Briffa’s Polar Urals and Tometrask series [Briffa et ai, 1995; Briffa et al, 1992b 
respectively] are recurrent proxies as is Cook’s Tasmania reconstruction {Cook et al, 
1991, 1992]. The North American PCI, criticized here, is used as a proxy in Mann et 
al [1999], Mann and Jones [2003] and Jones and Mann [2004]. 

Most importantly, even if such articles generate similar results to MBH98, that does 
not prove that MBH98 results were calculated correctly. Mann et al. have to support 
MBH98 on its own terms; appeals to other results are completely irrelevant. 

For rhetorical purposes, agencies like the IPCC may well turn to these other studies 
for support, if MBH98 can no longer be used, but the prominent reliance on 
MBH98/99 in the Third Assessment Report is a matter of public record and cannot 
now be undone. If there is any lesson from our work it is that, before making 
prominent use of these other studies, each one needs to be proven replicable. However 
critical we may be of MBH98, the disclosure for nearly all the other studies is 
significantly worse: 

• After over 20 requests, Crowley (pers. comm., Oct. 2004) supplied smoothed and 
transformed versions of proxy data used in Crowley andLowery> [2000], but stated 
that he could not find the actual data versions used so that these could be verified. 

• A listing of the sites used in Briffa et al. [2001] has never been published or 
archived. The authors have not responded to requests for data. 

• A listing of sites in Esper et al [2002] is available, but the majority of site data is 
not publicly archived. 

• Most of the data from Mann and Jones [2003] and Jones and Mann [2004] was 
eventually provided by Jones in July 2004. However, Jones was unable to provide 
the weightings used in the creation of the final results, as these were in the 
possession of co-author Mann. 

• Of these studies, only Jones et al [1998] has a relatively complete record. 

None of these studies provides a careful, objective analysis of how the particular proxy 
records are selected from the thousands available, thereby leaving unanswered the 
possibility of cherry-picking. Replication is only the first step in assessment. One then 
has to assess the quality of the proxies actually used. For example, we have concerns 
about potential problems in Brifta’s Polar Urals record [Briffa et al, 1995], which has 
a veiy significant effect on medieval values in several of these studies. We intend to 
address these issues in the future. 

6. DISCUSSION 

There are many large issues at stake in this discussion, mainly because of the powerful 
role a handful of published paleoclimate studies are playing in policy decisions. 

The ability of later researchers to carry out independent due diligence in 
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paleoclimate is severely limited by the lack of journal policies or traditions requiring 
contributors to promptly archive data and methods. King [1995] has excellent 
comments on replication. In this respect, paleoclimate journal editors should consider 
changes taking place at some prominent economics journals. For example the 
American Economic Review now requires, as a precondition of publication, archiving 
data and computational code at the journal. This is a response to the critique of 
McCullough and Vinod [2003], and earlier work by Dewald et ai [1986]. The files 
associated with paleoclimate studies are trivial to archive. In our view, if the public 
archive does not permit the replication of a multiproxy study, then it should be 
proscribed for use in policy formation [McCullough and Vinod, 2003 f 

In addition, we are struck by the lack of policy both in paleoclimate publications 
and in climate policy reports (e.g. IPCC, ACIA) regarding the reporting of results 
adverse to their claims. While it may be assumed that results adverse to their claims 
would be generally disclosed, we are unaware of any paleoclimate journal which 
explicitly articulates this as a requirement to authors. In contrast, for a prospectus 
offering securities to the public, officers and directors are required to affirm that the 
prospectus contains “full, true and plain disclosure”, which requires the disclosure of 
material adverse results. In MBH98, there are a number of examples, where results 
adverse to their claims were not reported (and in some cases, actual 
misrepresentations), as listed below (most ot which we have discussed passim above): 

MBH98 did not report the results adverse to their conclusions ffom calculations 
excluding bristlecone pines (contained in the BACKTO_1400-CEN SORED 
directory). 

For steps prior to 1 820, MBH98 did not report verification statistics other than the 
RE statistic. Unlike the above case, we cannot prove on the present record that 
Mann et al. had calculated these other statistics, but we consider it quite likely that 
these statistics were calculated and not reported. (In this case, we believe that 
diligent referees, even under the limited scope and mandate of journal peer review, 
should have requested the reporting of this infonnation.) 

MBH98 did not report results from calculations using archived Gaspe tree ring data 
(which did not contain the extrapolation of early values). Again, while we cannot 
prove that they actually carried out calculations using the archived version, we find 
it inconceivable that this unique extrapolation would have been made without 
previously doing a calculation using the archived version. Although the 
Corrigendum (six years after the event) disclosed the existence of this 
extrapolation, it did not disclose its uniqueness or the actual effect of this 
previously undisclosed extrapolation, disclosure which we believe to be essential 
for full disclosure, since the very existence of the extrapolation had been hidden 
from referees and previous readers by a misrepresentation of the start date of this 
series. 

• MBH98 incorrectly stated that conventional PC methods were used, which 
necessarily means centered calculations. This error in their prior disclosure should 
have been prominently disclosed in the Corrigendum together with its effects on PC 
calculations described, especially since it was at the heart of our submission then 



401 


94 


Energy^ & Environment • Vol. 16, No. L 2005 


under review at Nature. Mann et al. could then try to argue in that context that the 
eftoct was limited (an argument with which we obviously disagree). Instead, the 
prior incorrect disclosure was not mentioned at all in the printed Corrigendum; in 
the Corrigendum SI, the incorrect prior disclosure is not specifically mentioned; the 
method itself is acknowledged, but it is not prominent and even carries a denial that 
the method made any difference (a claim discussed at length above). 

• The aggressive claims that MBH98 methods were “robust” (see discussion above) 
are extremely problematic. As noted above, Mann et al. had carried out a sensitivity 
study on the exclusion of the bristlecone pines and knew that their 15^^ century 
results were not robust to these sites. We also believe that they knew the instability 
regarding the Gaspe series (or else they wouldn’t have done the extrapolation.) We 
find it difficult to understand how the claims to robustness could have made under 
these circumstances. 

We are also struck by the extremely limited extent of due diligence involved in peer 
review as carried out by paleoclimate journals, as compared with the level of due 
diligence involved in auditing financial statements or carrying out a feasibility study 
in mineral development. For example, “peer review” in even the most eminent 
paleoclimate publications, as presently practiced, does not typically involve any 
examination of data, replication of calculations or ensuring that data and 
computational procedures are archived. We are not suggesting peer reviewers should 
be auditors. Referees are not compensated for their efforts and journals would not be 
able to get unpaid peer reviewers to carry out thorough audits. We ourselves do not 
have explicit recommendations on resolving this problem, although ensuring the 
archiving of code and data as used is an obvious and inexpensive w'ay of mitigating 
the problem. 

But it seems self-evident to us that, recognizing the limited due diligence of 
paleoclimate journal peer review, it would have been prudent for someone to have 
actually checked MBH98 data and methods against original data before adopting 
MBH98 results in the main IPCC promotional graphics.. 

Supplementao' Information accompanies the paper at www.climate2003.com. 
Financial support for this research was neither sought nor received. The authors 
declare they have no competing financial interests. 
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[i] The “hockey stick” shaped temperature reconstruction 
of Mann el al. (1998. 1999) has been widely applied, 
gowever it has not been previously noted in print that, prior 
to their principal components (PCs) analysis on tree ring 
networks, they carried out an unusual data transformation 
which strongly affects the resulting PCs. Their method, when 
tested on persistent red noise, nearly always produces a 
hockey stick shaped first principal component (PCI) and 
overstates the first eigenvalue, in the controversial 15th 
century period, the MBH98 method effectively selects only 
one species (bristlecone pine) into the critical North 
American PCI, making it implausible to describe it as the 
“dominant pattern of variance”. Through Monte Carlo 
analy.sis, we show that MBH98 benchmarks for significance 
of the Reduction of Error (RE) statistic are substantially 
under-stated and, using a range of cross-validation statistics, 
we show that the MBH98 1 5th centuiy' reconstruction 
lacks statistical significance. Citation: McIntyre, S., and 
R. McKitrick (2005). Hockey sticks, principal components, and 
spurious significance, Geophys. Res. Lett., 32, L03710, 
doi: 1 0. 1 029/2004GL02 1 750. 


It. Introduction 

[ 2 ] The term “hockey stick” is often used to describe the 
shape of the Northern Hemisphere (NH) mean temperature 
index introduced in Mann et al. [ 1 998] hereinafter referred 
to as MBH98). For convenience, we define the “hockey 
stick index” of a series as the difference between the mean of 
the closing sub-segment (here 1902-1980) and the mean of 
the entire series (typically 1400-1980 in this discussion) in 
units of the long-term standard deviation (ct), and a “hockey 
stick shaped” series is defined as one having a hockey stick 
index of at least I a. Such series may be either upside-up 
(i.e., the “blade” trends upwards) or upside-dow'n. Our focus 
here is on the 1400- 1450 step (“ADI 400 step”) of MBH98, 
because of controversy over early 15th century temperature 
reconstructions [McIntyre and McKitrick, 2003; M. E. Mann 
et al., Note on paper by McIntyre and McKitrick in 
Energy and Environment, unpublished manuscript, 2003, 
available at ftp://holocene.evsc.virginia.edu/pub/mann/ 
EandEPaperProblem.pdf, hereinafter referred to as Mann 
al., unpublished manuscript, 2003]. Our particular 
‘mterest in the performance 'of the Reduction- of Error 
(RE) statistic arises out of that controversy. We also focus 
on the North American tree ring network (“NOAMER”), 
because the first principal component (“PCI”) of this 

Copyright 2005 by the American Geophysical Union. 
0094-8276/05/2004GL02 1 750S05.00 


network has been identified as essential for controversial 
periods of the MBH98 temperature reconstruction [Mann 
et al., 1999, unpublished manuscript, 2003]. MBH98 has 
recently been criticized on other grounds in von Starch et 
a!. [2004]. 

[3] MBH98 used principal components (PCs) to reduce 
the dimensionality of tree ring networks and stated that they 
used “conventional” PC analysis. .A conventional PC 
algorithm centers the data by subtracting the column means 
of the underlying series. For the AD 1400 step highlighted 
here, this would be the full 1400-1980 interval. Instead, 
MBH98 Fortran code (ftp://1iolocene.evsc. Virginia. edii'^pub/ 
MBH98/TREE,/ITRDB/NOAMER/pca-noamer) contains an 
unusual data transformation prior to PC calculation that has 
never been reported in print. Each tree ring series was 
transfonned by subtracting the 1902-1980 mean, then 
dividing by the 1902 - 1980 standard deviation and dividing 
again by the standard deviation of the residuals from fitting 
a linear trend in the 1902-1980 period. The PCs were 
then computed using singular value decomposition on the 
transformed data. (The effects reported here would have 
been partly mitigated if PCs had been calculated using 
the covariance or correlation matrix.) This previously 
unreported transfonnation was recently acknowledged in 
the Supplementary Information to a Corrigendum to 
MBH98 [Mann et al., 2004], where they asserted that it 
has no effect on the results, a claim we refute herein. 

[4] PCs can be strongly affected by linear transfonmations 
of the raw data. Under the MBH98 method, for those series 
in which the 1902-1980 mean is close to the 1400-1980 
mean, subtraction of the 1902-1980 mean has little impact 
on weightings for the PCI. But if the 1902-1980 mean is 
different than the 1400-1980 mean (i.e., a hockey stick 
shape), the transformation translates the “shaft” off a zero 
mean; the magnitude of the residuals along the shaft is 
increased, and the series variance, which grows with the 
square of each residual, gets inflated. Since PC algorithms 
choose weights that maximize variance, the method re- 
allocates variance so that hockey stick shaped series get 
overweighted. In effect, the MBH98 data transformation 
results in the PC algorithm mining the data for hockey stick 
patterns. 

[5] In a network of persistent red noise, there will be 
some series that randomly “trend” up or down during the 
ending sub-segment of the senes (as well as other sub- 
segments). In the next section, we discuss a Monte Carlo 
experiment to show that these spurious “trends” in a 
closing segment are sufficient for the MBH98 method, 
when applied to a network of red noise, to yield 
hockey stick PC Is, even though the underlying data gener- 
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Figure 1. Simulated and MBH98 Hockey Stick Shaped 
Scries. Top; Sample PCI from Monte Carlo simulation 
using the procedure described in text applying MBH98 
data transformation to persistent trcndless red noise; 
Bottom; MBH98 Northern Hemisphere temperature index 
re-constmction. 


ating process has no trend component. We then examine 
the effect of this procedure on actual MBH98 weights for 
the North American PCI. Finally we use the simulated 
PC Is to establish benchmarks for the Reduction of 
EiTor (RE) verification statistic used by .MBH98, and we 
discuss R^ and other verification statistics for the MBH98 
reconstruction. 

2. Monte Carlo Simulations of Hockey Sticks 
on Trendless Persistent Series 

[sj We generated the red noise netw'ork for Monte Carlo 
simulations as follows. We downloaded and collated the 
NOAMER tree ring site chronologies used by MBH98 from 
M. Mann’s FTP site and selected the 70 sites used in the 
AD 1400 step. We calculated autocorrelation flinctions for 
all 70 series for the 1400- 1 980 period. For each simulation, 
we applied the algorithm hosking.sim from the waveslim 
package version 1.3 downloaded from www.cran.r-project. 
org/doc/packages/waveslim.pdf [Gencay et ai, 2001], 
which applied a method due to Masking [1984] to simulate 
trendless red noise based on the complete auto-correlation 
function. All simulations and other calculations were done 
in R version 1.9 downloaded from www.R-project.org 
[/? Development Core Team, 2003]. Computer scripts used 
to generate simulations, figures and statistics, together with 
a sample of 100 simulated “hockey sticks’’ and other 
supplementary infomiation, are provided in the auxiliary 
material*. We carried out 10,000 simulations, in each case 
obtaining 70 stationary series of length 581 (corresponding 
to the 1400-1980 period). By the very nature of the 
simulation, there were no 20th century trends, other than 
spurious “trends” from persistence. We applied the MBH98 
data transfonnation to each series in the network: the 1902- 
1980 mean was subtracted, then the series was divided by 


‘Auxiliary material is available at ftp.7/ftp.agu.org/apend/Bl.' 
2004GL021750. 


the 1902-1980 standard deviation, then by the 1902- 1980 
detrended standard deviation. We carried out a singular 
value decomposition on the 70 transformed series (follow- 
ing MBH98) and saved the PCI from each calculation. 

[7] The simulations nearly always yielded PC Is with a 
hockey stick shape, some of which bore a quite itjmarkable 
similarity to the actual MBH98 temperature reconstruction — 
as shown by the example in Figure 1. A sharp inflection 
was regularly observed at the start of the 1902-1980 
“calibration period”. Figure 2 shows histograms of the 
hockey stick index of the simulated PC Is."^ Without the 
MBH98 transformation (top panel), a 1 cr hockey stick 
occurs in the PCI only 15.3% of the time (1.5 o - 0.1%). 
Using the MBH98 transfonnation (bottom panel), a 1 o 
hockey slick occurs over 99% of the time, (1.5 a • 73%; 
1.75 rr - 21% and 2 ct 0.2%). 

[s] The hockey sticks were upside-up about half the 
time and upside-down half the time, but the 1902-1980 
mean is almost never within one a of the 1400-1980 
mean under the MBH98 method. PC scries have no 
inherent orientation and, since the MBH98 methodology 
uses proxies (including the NOAMER PCI) in a regres- 
sion calculation, the fit of the regression is indifferent to 
whether the hockey .stick is upside-up or upside-down. In 
the latter case, the slope coefficient is negative. In fact, the 
North American PCI ol Mann et al. [1999] is an upside- 
down hockey stick, as shown at ftp://ftp.ngdc.noaa.gov/ 

paleo/contribution.s by author./mann 1 999./proxies/itrdb- 

namer-pcl.dat. 

[9] Ihc loadings on the first eigenvalues were inflated by 
the MBH98 method. Without the transformation, the median 
fraction of explained variance of the PCI was only 4.1% 
(99th percentile-5.5%). Under the MBH98 transformation, 
the median fraction of explained variance from PCI was 
13% (99th percentile -23%), often making the PCI appear 



'Hockey Stick Index’ 

Figure 2. Histogram of ‘Hockey Stick Index’ for PC 1 s. For 
the 10,000 simulated PC Is described in text, the histogram 
shows the distribution of the difference between the 1902- 
1980 mean and the 1400-1980 mean, divided by the 1400- 
1980 standard deviation. Top: Conventional (centered) 
calculation; Bottom; with MBH98 data transformation. 
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Figure 3. PCI for AD1400 North American Tree Ring 
Network. Top: Result with MBH98 data transformation; 
Bottom; recalculated on the same data without MBH98 data 
transfonnation. Both standardized to 1902-1980 period. 

to be a ‘'dominant” signal, even though the network is only 
noise. 

3. The PCI in the MBH98 North 
American Network 

[lo] We now show the effect of the MBH98 algorithm 
on the actual NOAMER network in the controversial 
AD 1400 step. 

fn] Without the data transformation the PCI is very- 
similar to the unweighted mean of all the series and, as 
shown in the bottom panel of Figure 3, does not have a 
hockey stick shape. However, under the MBH98 algorithm, 
the PC 1 has a marked hockey stick shape, as shown in the top 
panel of Figure 3. The MBH98 method creates a PCI which 
is dominated by bristlecone pines and closely related foxtail 
pines. (Foxtail pines are located in an adjacent mountain 
range, interbreed with bristlecone pines and are included 
here with bristlecone pines collectively). Out of 70 sites in 
the network, 93% of the variance in the MBH98 PCI is 
accounted for by only 15 bristlecone and foxtail pine sites 


collected by Donald Graybill [Graybill and Idso, 1993] (see 
Table 1). The weights in the MBH98 PCI have a nearly 
linear relationship to the hockey stick index. The most 
heavily weighted site in the MBH98 PCI, Sheep Mountain, 
is a bristlecone pine site w'ith the most pronounced hockey 
stick shape (1.6 a) in the network; it receives over 390 times 
the weight of the least weighted site, Mayberry Slough, 
whose hockey stick index is near 0. 

[ 12 ] Under the MBH98 data transfonnation, the distinc- 
tive contribution of the bristlecone pines is in the PCI, which 
has a spuriously high explained variance coefficient of 38°/J) 
(without the transformation - 18%). Without the data 
transformation, the distinctive contribution of the bristle- 
cones only appears in the PC4, which accounts for less than 
8% of the total explained variance. 

[ 13 ] This substantially reduced share of explained vari- 
ance, together with the fact that species other than bristle- 
cone/foxtai! pines are effectively omitted from the MBH98 
PCI . argues strongly against interpreting it a.s the ’‘dominant 
component of variance” in the North American network 
(M. E. Mann et ah, Reply to ’‘Global-scale leiiiperature 
patterns and climate forcings over the past six centuries; 
A comment” by S. McIntyre and R. McKitrick, unpublished 
manuscript, 2004, available at http:/7stephenschneider. 
stanford.edu/'PubUcations/PDF_Papers.’'MatmE tAl2004.pdf)- 
Mclnlyre and McKitrick [2005] discuss, inter alia, problems 
relating to the interpretation of bristlecone/foxtail pine 
growth as a temperature proxy, and we show the impact of 
using conventional (centered) PC methods on the MBH98 
northern hemisphere temperature index, which has a signif- 
icant effect on the relative values in the 15th and 20th 
centuries. 

4. Benchmarking the Reduction of Error 
Statistic for the MBH98 Algorithm 

[14] In most dendroclimatic studies several verification 
stati.stics are used. For example. Cook et al. [1994] describe 
the Reduction of Error (RE), R^, Coefficient of Efficiency 
(CE), sign test and product mean tests as measures of skill. 
MBH98 only reported RE statistics to demonstrate statisti- 
cal skill, reporting an RE value for their AD 1400 step of 
0.51, There is no "theoretical distribution of the RE statistic 


Table 1. 

15 Highly Weighted Sites 

in MGH98 PCI 






Species 

Elevation (m) 

Author 

Graybill and Idso 
1199.31 it 

az510 

San Francisco Pks 

PIAR 

3535 

D.A. Graybill 

10 


Flower Lake 

PIBA 

3291 

D.A, Graybill 

13 

ca529 

Timber Upper 

PIBA 

3261 

D.A. Graybill 



Cirque Peak 

PIBA 

3505 

D.A. Graybill 


ca533 

Canipito Mountain 

PILO 

3400 

D.A. Graybill 
and V.C. Lamarche 


ca534 

Sheep Mountain 

PILO 

3475 

D.A. Graybill 

11 

coS22 

Mount Goliath 

PIAR 

3535 

D.A. Graybill 

2 

co523 

Windy Ridge 

PIAR 

3570 

D.A. Graybill 

4 

co524 

Almagre Mountain 

PIAR 

3536 

D.A. Graybill 

1 

co525 

Hennit Lake 

PIAR 

3660 

D.A. Graybill 

3 

nv5IO 

Charleston Peak 

PILO 

3425 

D.A. Graybill 

6 

nv5l2 

Pearl Peak 

PILO 

3170 

D.A. Graybill 

9 

nv5I3 

Mount Washington 

PILO 

3415 

D.A. Graybill 

8 

nv5l4 

Spruce Mountain 

PILO 

3110 

D.A. Graybill 


nv5l6 

Hill 10842 

PILO 

3050 

D.A. Graybill 



"15 high-altitude bri.stleconc (PILO, PIAR) and foxtail (PIBA) sites dominating MBH98 PCI, constituting 13 of 14 .sites listed in 
lable 1 of Graybill aiid Idso [1993]. 
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and hence no exact or asymptotic tables of significance 
levels [Cook et al., 1994], MBH98 attempted to benchmark 
the significance level for the RE statistic using Monte Carlo 
simulations based on ARl red noise with a lag coefficient of 
0.2, yielding a 99% significance level of 0.0. However their 
simulation under-estimates the actual persistence of tree ring 
proxies and ignores the effect of the MBH98 data transfor- 
mation in over-weighting hockey stick shaped series. 

[i5] In order to obtain more accurate significance bench- 
marks. we regressed each of the 10,000 simulated PC Is 
against the MBH98 northern hemisphere temperature series 
(the “sparse” subset used by MBH98 for verification Rp;// 
ftp. ngdc, noaa.gov/paleo/paleocean/by contributor/ 
mannl998/nhem-sparse.dat) in the 1901-1980 calibration 
period a procedure which more closely emulates actual 
MI3H98 methods. Since the simulated PC Is are red noise 
scries containing no infonnation about the climate, they can 
be used to establish lower limits for the significance levels 
which the actual pro.xy data must exceed to indicate 
reconstructive skill. Since MBH98 used 22 indicators in 
their AD 1400 step calculation, whereas the Monte Carlo 
simulation used only the simulated NOAMER PCI, the 
actual RE significance level wmiild be higher than the 
benchmark calculated here, which is only a lower limit, 
making the arguments herein conservative. 

[if.] For each regression, we calculated the temperature 
“recon-Stiuction” from the simulated PCI in the verifieation 
period (1854-1901), and used the “reconstruction” to 
calculate the RE. R^, CE, Sign Test and Product Mean Te.st. 
From this data, we determined the 99% significance levels 
in the verification period as shown in Table 2. The pattern of 
verification statistics was quite consistent: a high RE 
statistic, a very low CE stati.stic and a low R^ statistic, 
relative to white or weakly red noise values. 

[i7] According to our calculations, the lower-limit critical 
value for 99% RE significance is 0.59 (5% - 0.54), values 
much higher than the 99% critical value of 0.0 reported by 
MBH98. The reported RE value for the AD1400 step of the 
MBH98 reconstruction was 0.51 (90lh percentile under our 
RE distribution). Mann et al. have not archived supporting 
calculations for the AD 1400 step. Accordingly, we emulated 
the AD 1400 step of MBH98 using their data, obtaining the 
verification period statistics shown in Table 3. We were only 
able to obtain an RE statistic of 0.46 (80th percentile under 
our RE distribution) and an R^ statistic of 0.02 (statistically 
insignificant). Other verification statistics also lack statistical 
significance and the high RE-low R^ pattern is obviously 
similar to the patterns from comparably treated red noise. 

5. Discussion and Conclusions 

[is] PC analyses are sensitive to linear transformations 
of data, even if such transformations only appear to be 


Table 2. Statistical Significance Levels^ 


Verification 

Statistic 

99y« Significance Level 
(Simulation) 

99% Significance CutofT 
Used bv MBH98 

RE (3) 

0.59 

0.00 

R" 

0.15 

0.20 

CF. 

0,03 

NA 

Sign Test 

32 

NA 

Product Mean Test 

2.73 

NA 


'99% benchmarks from simuiations described in text in and as reported 
by MBH98. 


Table 3. Verification Period Statistics for AD 1400 Step of 
MBH98 Reconstruction“ 



ADI 400 Step Results 

Emulation 

MBH98 Reported 

RE (3) 

0.46 

0.51 

R^ 

0.02 

NA 

CE 

-0.26 

NA 

Sign Test 

22 

NA 

Product Mean Test 

1..54 

NA 


“From emulation and a,s reported by MBH98. 

“standardizations”. Here we have shown, in the case of 
MBH98, that a “standardization” step (that the authors did 
not even consider sufficiently important to disclose at the 
time of their study) significantly affected the resulting PC 
series. Indeed, the effect of the transformation is so strong 
that a hockey-stick shaped PC 1 is nearly always generated 
from (trcndicss) red noise with the persistence properties of 
the North American tree ring network. This result is 
di.squicting, given that the NT.)AMER PCI has been 
reported to be essential to the shape of the MBH9.S Northern 
Hemisphere temperature reconstruction. 

[j‘>] For evaluation of statistical skill in palcoclimatic 
studies, the Reduction of Error (RE) statistic is widely used, 
but lacks a theoretical distribution. Practitioners use Monte 
Carlo models to establish significance benchmarks. Here we 
have shown that the benchmarks can be dramatically 
affected by the Monte Carlo model itself and that the 99% 
significance level from a Monte Carlo model more accu- 
rately representing actual MBH98 procedures is 0.59, as 
compared to the level of 0.0 reported in the original study. 
More generally, this example shows that changes in meth- 
odology will generally require new Monte Carlo modeling, 
that benchmarks carried forward from one methodology 
cannot necessarily be applied to a new methodology - even 
if the method changes may appear slight, and that great 
caution is required prior to concluding statistical signifi- 
cance based on RE statistics. 

[ 20 ] An obvious guard against spurious RE significance is 
to examine other cross-validation statistics, such as the R' 
and CE statistics, as recommended, for example, by Cook et 
al. [1994], While there are limitations to the R^ statistic, the 
analysis of statistical “skill” of Murphy [\9%^ presupposes 
that the R^ statistic exceeds the skill statistic and cases where 
the RE statistic exceeds the R^ statistic are of particular 
concern [Cook et al, 1994], In the case of MBH98, unfor- 
tunately, neither the R^ and other cross-validation statistics 
nor the underlying construction step have ever been reported 
for the controversial 15th century period. Our calculations 
have indicated that they are statistically insignificant. Timely 
reporting of these statistics (in the original article) might 
have led to an earlier consideration of the discrepancy 
between the apparently high RE value and the low values 
of other statistics, and thus enabled earlier identification of 
the underlying data transfonnation resulting in this problem. 

[ 21 ] Acknowledgment. No binding was sought or received for this 
work. 
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Summary for Policymakers 


The Third Assessment Report of Working Group I of the 
Intergovernmental Panel on Climate Change (IPCC) builds 
upon past assessments and incorporates new results from the 
past five years of research on climate change'. Many hundreds 
of scientists^ from many countries participated in its preparation 
and review. 

This Summary for Policymakers (SPM), which was approved 
by IPCC member governments in Shanghai in January 2001^, 
describes the current state of understanding of the climate 
system and provides estimates of its projected future evolution 
and their uncertainties. Further details can be found in the 
underlying report, and the appended Source Information 
provides cross references to the report's chapters. 


An increasing body of observations 
gives a coiiective picture of a 
warming worid and other changes 
in the ciimate system. 

Since the release of the Second Assessment Report (SAR"), 
additional data from new studies of current and palaeoclimates, 
improved analysis of data sets, more rigorous evaluation of 
their quality, and comparisons among data from different 
sources have led to greater understanding of climate change. 

The global average surface temperature 
has Increased over the 20th century by 
about 0.6°C. 

• The global average surface temperature (the average of near 
surface air temperature over land, and sea surface temperature) 


has increased since 1861. Over the 20th century the increase 
has been 0.6 ± 0.2°C*-® (Figure la). This value is about 0.1 5®C 
larger than that estimated by the SAR for the period up to 
1994, owing to the relatively high temperatures of the 
additional years (1995 to 2000) and improved methods of 
processing the data. These numbers take into account various 
adjustments, including urban heat island effects. The record 
shows a great deal of variability; for example, most of the 
warming occurred during the 20th century, during two 
periods, 1910 to 1945 and 1976 to 2000. 

• Globally, it is very likely’ that the 1990s was the warmest 
decade and 1998 the wannest year in the instrumental 
record, since 1861 (see Figure la). 

• New analyses of proxy data for the Northern Hemisphere 
indicate that the increase in temperature in the 20th century 
is likely’ to have been the largest of any century during the 
past 1,000 years. It is also likely’ that, in the Northern 
Hemisphere, the 1990s was the wannest decade and 1998 
the warmest year (Figure lb). Because less data are 
available, less is known about annual averages prior to 
1,000 years before present and for conditions prevailing in 
most of the Southern Hemisphere prior to 1861. 

• On average, between 1950 and 1993, night-time daily 
minimum air temperatures over land increased by about 
0.2°C per decade. This is about twice the rate of increase in 
daytime daily maximum air temperatures (O.rC per decade). 
This has lengthened the freeze-free season in many mid- and 
high latitude regions. The increase in sea surface temperature 
over this period is about half that of the mean land surface 
air temperature. 


’ Climate change in IPCC usage refers to any change in climate over time, whether due to natural variability or as a result of human activity. This usage differs 
from that in the Framewoilc Convention on Climate Change, where climate change refers to a change of ciimate that is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and that is in addition to natural climate variability obsen/ed over comparable time periods. 

* In total 122 Co-ordinating Lead Authors and Lead Authors, 515 Contributing Authors, 21 Review Editors and 420 Expert Reviewers. 

= Delegations of 99 IPCC member countries participated in the Eighth Session of Working Group I in Shanghai on 17 to 20 January 2001 . 

* The IPCC Second Assessment Report is referred to in this Summary for Policymakers as the SAR. 

‘ Generally temperature trends are rounded to the nearest 0.05°C per unit time, the periods often being limited by data availability. 

« In general, a 5% statistical significance level is used, and a 95% confidence level. 

^ In this Summary for Policymakers and in the Technical Summary, the following words have been used where appropriate to indicate judgmental estimates of 
confidence: virtually certain (greater than 99% chance that a result is true); very likely (90-99% chance); likely (66-90% chance); medium likeiihood (33-66% 
chance); unlikely {^0-33% chance); very unlikely chance); exceptionally unlikely {\ess than 1% chance). The reader is referred to individual chapters 
for more details. 
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Variations of the Earth's surface temperature for: 


(a) the past 140 years 



Year 


(b) the past 1 ,000 years 



Year 


Figure 1: Variations of the Earth’s 
surface temperature over the last 
140 years and the last millennium. 

(a) The Earth’s surface temperature is 
shown year by year (red bars) and 
approximately decade by decade (black 
line, a filtered annual curve suppressing 
fluctuations below near decadal 
time-scales). There are uncertainties in 
the annual data (thin black whisker 
bars represent the 95% confidence 
range) due to data gaps, random 
instrumental errors and uncertainties, 
uncertainties in bias corrections in the 
ocean surface temperature data and 
also in adjustments for urbanisation over 
the land. Over both the last 140 years 
and 100 years, the best estimate is that 
the global average surface temperature 
has increased by 0.6 ± 0.2'’C. 

(b) Additionally, the year by year (blue 
curve) and 50 year average (black 
curve) variations of the average surface 
temperature of the Northern Hemisphere 
for the past 1000 years have been 
reconstructed from “proxy” data 
calibrated against thermometer data (see 
list of the main proxy data in the 
diagram). The 95% confidence range in 
the annual data is represented by the 
grey region. These uncertainties increase 
in more distant times and are always 
much larger than in the instrumental 
record due to the use of relatively sparse 
proxy data. Nevertheless the rate and 
duration of warming of the 20th century 
has been much greater than in any of 
the previous nine centuries. Similarly, it 
is likely' that the 1990s have been the 
warmest decade and 1998 the warmest 
year of the millennium. 

[Based upon (a) Chapter 2, Figure 2.7c 
and (b) Chapter 2, Figure 2.20] 
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Temperatures have risen during the past 
four decades in the iowest 8 kiiometres of 
the atmosphere. 

• Since the late 1950s (the period of adequate observations 
from weather balloons), the overall global temperature 
increases in the lowest 8 kilometres of the atmosphere and 
in surface temperature have been similar at 0.1 °C per decade. 

• Since the start of the satellite record in 1979, both satellite 
and weather balloon measurements show that the global 
average temperature of the lowest 8 kilometres of the 
atmosphere has changed by 40.05 ± 0.1 0°C per decade, but the 
global average surface temperature has increased significantly 
by 40.15 ± 0.05°C per decade. The difference in the warming 
rates is statistically significant. This difference occurs 
primarily over the tropical and sub-tropical regions. 

• The lowest 8 kilometres of the atmosphere and the surface 
are influenced differently by factors such as stratospheric 
ozone depletion, atmospheric aerosols, and the El Nino 
phenomenon. Hence, it is physically plausible to expect that 
over a short time period (e.g., 20 years) there may be 
differences in temperature trends. In addition, spatial sampling 
techniques can also explain some of the differences in 
trends, but these differences are not fully resolved. 

Snow cover and ice extent have decreased. 

• Satellite data show that there are very likely^ to have been 
decreases of about 10% in the extent of snow cover since 
the late 1960s, and ground-based observations show that 
there is very likely^ to have been a reduction of about two 
weeks in the annual duration of lake and river ice cover in 
the mid- and high latitudes of the Northern Hemisphere, 
over the 20th century. 

• There has been a widespread retreat of mountain glaciers in 
non-polar regions during the 20th century. 

• Northern Hemisphere spring and summer sea-ice extent has 
decreased by about 10 to 15% since the 1950s. It is likely’ 
that there has been about a 40% decline in Arctic sea-ice 
thickness during late summer to early autumn in recent 
decades and a considerably slower decline in winter sea-ice 
thickness. 


Giobai average sea ievei has risen and 
ocean heat content has increased. 

• Tide gauge data show that global average sea level rose 
between 0.1 and 0.2 metres during the 20th century. 

• Global ocean heat content has increased since the late 1950s, 
the period for which adequate observations of sub-surface 
ocean temperatures have been available. 

Changes have aiso occurred in other 
important aspects of ciimate. 

• It is very likely’ that precipitation has increased by 0,5 to 
1 % per decade in the 20th century over most mid- and 
high latitudes of the Northern Hemisphere continents, and 
it is likely’ that rainfall has increased by 0,2 to 0.3% per 
decade over the tropical (10°N to 10®S) land areas. 
Increases in the tropics are not evident over the past few 
decades. It is also likely’ that rainfall has decreased over 
much of the Northern Hemisphere sub-tropical (lO^N to 
30°N) land areas during the 20th century by about 0.3% 
per decade. In contrast to the Northern Hemisphere, no 
comparable systematic changes have been detected in 
broad latitudinal averages over the Southern Hemisphere. 
There are insufficient data to establish trends in precipitation 
over the oceans. 

• In the mid- and high latitudes of the Northern Hemisphere 
over the latter half of the 20th century, it is likely’ that there 
has been a 2 to 4% increase in the frequency of heavy 
precipitation events. Increases in heavy precipitation events 
can arise from a number of causes, e.g., changes in 
atmospheric moisture, thunderstorm activity and large-scale 
storm activity. 

• It is likely’ that there has been a 2% increase in cloud cover 
over mid- to high latitude land areas during the 20th century. 
In most areas the trends relate well to the observed decrease 
in daily temperature range. 

• Since 1950 it is very likely’ that there has been a reduction 
in the frequency of extreme low temperatures, with a smaller 
increase in the frequency of extreme high temperatures. 
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• Warm episodes of the El Nino-Southem Oscillation (ENSO) 
phenomenon (which consistently affects regional variations 
of precipitation and temperature over much of the tropics, 
sub-tropics and some mid-latitude areas) have been more 
frequent, persistent and intense since the mid-1970s, 
compared with the previous 100 years. 

• Over the 20th century (1900 to 1995), there were relatively 
small increases in global land areas experiencing severe 
drought or severe wetness. In many regions, these changes 
are dominated by inter-decadal and multi-decadal climate 
variability, such as the shift in ENSO towards more warm 
events. 

• In some regions, such as parts of Asia and Africa, the 
frequency and intensity of droughts have been observed to 
increase in recent decades. 

Some important aspects of climate appear 
not to have changed. 

• A few areas of the globe have not warmed in recent decades, 
mainly over some parts of the Southern Hemisphere oceans 
and parts of Antarctica. 

• No significant trends of Antarctic sea-ice extent are apparent 
since 1978, the period of reliable satellite measurements. 

• Changes globally in tropical and extra-tropical storm 
intensity and frequency are dominated by inter-decadal to 
multi-decadal variations, with no significant trends evident 
over the 20th century. Conflicting analyses make it difficult 
to draw definitive conclusions about changes in storm 
activity, especially in the extra-tropics. 

• No systematic changes in the frequency of tornadoes, thunder 
days, or hail events are evident in the limited areas analysed. 


Emissions of greenhouse gases and 
aerosols due to human activities 
continue to alter the atmosphere in 
ways that are expected to affect the 
climate. 

Changes in climate occur as a result of both internal variability 
within the climate system and external factors (both natural 
and anthropogenic). The influence of external factors on 
climate can be broadly compared using the concept of 
radiative forcing®. A positive radiative forcing, such as that 
produced by increasing concentrations of greenhouse gases, 
tends to warm the surface. A negative radiative forcing, which 
can arise from an increase in some types of aerosols 
(microscopic airborne particles) tends to cool the surface. 
Natural factors, such as changes in solar output or explosive 
volcanic activity, can also cause radiative forcing. 
Characterisation of these climate forcing agents and their 
changes over time (see Figure 2) is required to understand past 
climate changes in the context of natural variations and to 
project what climate changes could lie ahead. Figure 3 shows 
current estimates of the radiative forcing due to increased 
concentrations of atmospheric constituents and other 
mechanisms. 


Radiative forcing is a measure of the influence a factor has in altering the baiance of incoming and outgoing energy in the Earth-atmosphere system, and 
is an index of the importance of the factor as a potential climate change mechanism. It is expressed in Watts per square metre (Wm-*). 
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Figure 2: Long records of past changes in 
atmospheric composition provide the context for 
the influence of anthropogenic emissions. 

(a) shows changes in the atmospheric 
concentrations of carbon dioxide (CO^), methane 
(CH^), and nitrous oxide (N^O) over the past 1000 
years. The ice core and fim data for several sites in 
Antarctica and Greenland (shown by different 
symbols) are supplemented with the data from direct 
atmospheric samples over the past few decades 
(shown by the line for COj and incorporated in the 
curve representing the global average of CH^). The 
estimated positive radiative forcing of the climate 
system from these gases is indicated on the right- 
hand scale. Since these gases have atmospheric 
lifetimes of a decade or more, they are well mixed, 
and their concentrations reflect emissions from 
sources throughout the globe. All three records show 
effects of the large and increasing growth in 
anthropogenic emissions during the Industrial Era. 

(b) illustrates the influence of industrial emissions on 
atmospheric sulphate concentrations, which produce 
negative radiative forcing. Shown is the time history 
of the concentrations of sulphate, not in the 
atmosphere but in ice cores in Greeriland (shown by 
lines; from which the episodic effects of volcanic 
eruptions have been removed). Such data indicate 
the local deposition of sulphate aerosols at the site, 
reflecting sulphur dioxide (SOj) emissions at 
mid-latitudes in the Northern Hemisphere. This 
record, albeit more regional than that of the 
globally-mixed greenhouse gases, demonstrates the 
targe growth in anthropogenic SOj emissions during 
the Industrial Era. The pluses denote the relevant 
regional estimated SO^ emissions (right-hand scale). 

[Based upon (a) Chapter 3, Figure 3.2b (COj); 
Chapter 4, Figure 4.1a and b (CH^) and Chapter 4, 
Figure 4.2 (NjO) and (b) Chapter 5, Figure 5.4a] 
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Concentrations of atmospheric greenhouse 
gases and their radiative forcing have 
continued to increase as a result of human 
activities. 

• The atmospheric concentration of carbon dioxide (COj) has 
increased by 31% since 1750. The present COj concentration 
has not been exceeded during the past 420,000 years and 
likely’ not during the past 20 million years. The current rate 
of increase is unprecedented during at least the past 20,000 
years. 

• About three-quarters of the anthropogenic emissions of CO^ 
to the atmosphere during the past 20 years is due to fossil 
fuel burning. The rest is predominantly due to land-use 
change, especially deforestation. 

• Currently the ocean and the land together are taking up 
about half of the anthropogenic CO2 emissions. On land, 
the uptake of anthropogenic CO^ very likely’ exceeded the 
release of COj by deforestation during the 1990s. 

• The rate of increase of atmospheric COj concentration has 
been about 1 .5 ppm® (0.4%) per year over the past two 
decades. During the 1990s the year to year increase varied 
from 0.9 ppm (0.2%) to 2.8 ppm (0.8%). A large part of this 
variability is due to the effect of climate variability (e.g., El 
Nino events) on COj uptake and release by land and oceans. 

• The atmospheric concentration of methane (CH^) has 
increased by 1060 ppb® (151%) since 1750 and continues 
to increase. The present CH^ concentration has not been 
exceeded during the past 420,000 years. The annual 
growth in CH^ concentration slowed and became more 
variable in the 1990s, compared with the 1980s. Slightly 
more than half of current CH^ emissions are anthropogenic 
(e.g., use of fossil fuels, cattle, rice agriculture and 
landfills). In addition, carbon monoxide (CO) emissions 
have recently been identified as a cause of increasing CH^ 
concentration. 


• The atmospheric concentration of nitrous oxide (N,0) has 
increased by 46 ppb (17%) since 1750 and continues to 
increase. The present NjO concentration has not been 
exceeded during at least the past thousand years. About a 
third of current N^O emissions are anthropogenic (e.g., 
agricultural soils, cattle feed lots and chemical industry). 

O Since 1995, the atmospheric concentrations of many of 
those halocarbon gases that are both ozone-depleting and 
greenhouse gases (e.g., CFCI3 and CFjCl,), are either 
increasing more slowly or decreasing, both in response to 
reduced emissions under the regulations of the Montreal 
Protocol and its Amendments. Their substitute compounds 
(e.g., CHFjCl and CFjCH^F) and some other synthetic 
compounds (e.g., perfluorocarbons (PFCs) and sulphur 
hexafluoride (SF^)) are also greenhouse gases, and their 
concentrations are currently increasing. 

• The radiative forcing due to increases of the well-mixed 
greenhouse gases from 1750 to 2000 is estimated to be 
2.43 Wm-’: 1.46 Wm-’ from CO^, 0.48 Wm"’ from CH^; 
0.34 Wm"’ from the halocarbons; and 0.15 Wm~’ from NjO. 
(See Figure 3, where the uncertainties are also illustrated.) 

• The observed depletion of the stratospheric ozone (O3) 
layer from 1979 to 2000 is estimated to have caused a 
negative radiative forcing (-0.15 Wm”’). Assuming full 
compliance with current halocarbon regulations, the positive 
forcing of the halocarbons will be reduced as will the 
magnitude of the negative forcing from stratospheric ozone 
depletion as the ozone layer recovers over the 21st century. 

• The total amount of O3 in the troposphere is estimated to 
have increased by 36% since 1750, due primarily to 
anthropogenic emissions of several 03-forming gases. This 
corresponds to a positive radiative forcing of 0.35 Wm"^. 

O3 forcing varies considerably by region and responds 
much more quickly to changes in emissions than the long- 
lived greenhouse gases, such as COj. 


ppm (parts per million) or ppb (parts per billion, 1 billion = 1 ,000 million) is the ratio of the number of greenhouse gas molecules to the total number of 
molecules of dry air. For example: 300 ppm means 300 molecules of a greenhouse gas per million molecules of dry air. 
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The global mean radiative forcing of the climate system 
for the year 2000, relative to 1750 
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Figure 3: Many external factors force climate change. 


These radiative forcings arise from changes in the atmospheric composition, alteration of surface reflectance by land use, and variation in the output 
of the sun. Except for solar variation, some form of human activity is linked to each. The rectangular bars represent estimates of the contributions of 
these forcings - some of which yield warming, and some cooling. Forcing due to episodic volcanic events, which lead to a negative forcing lasting 
only for a few years, is not shown. The indirect effect of aerosols shown is their effect on the size and number of cloud droplets. A second indirect 
effect of aerosols on clouds, namely their effect on cloud lifetime, which would also lead to a negative forcing, is not shown. Effects of aviation on 
greenhouse gases are included in the individual bars. The vertical line about the rectangular bars indicates a range of estimates, guided by the 
spread in the published values of the forcings and physical understanding. Some of the forcings possess a much greater degree of certainty than 
others. A vertical line without a rectangular bar denotes a forcing for which no best estimate can be given owing to large uncertainties. The overall 
level of scientific understanding for each forcing varies considerably, as noted. Some of the radiative forcing agents are well mixed over the globe, 
such as COj, thereby perturbing the global heat balance. Others represent perturbations with stronger regional signatures because of their spatial 
distribution, such as aerosols. For this and other reasons, a simple sum of the positive and negative bars cannot be expected to yield the net effect 
on the climate system. The simulations of this assessment report (for example. Figure 5) indicate that the estimated net effect ot these perturbations 
is to have warmed the global climate since 1750. [Based upon Chapter 6, Figure 6.6) 
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Anthropogenic aerosols are short-lived and 
mostly produce negative radiative forcing. 

• The major sources of anthropogenic aerosols are fossil fuel 
and biomass burning. These sources are also linked to 
degradation of air quality and acid deposition. 

• Since the SAR, significant progress has been achieved in 
better characterising the direct radiative roles of different 
types of aerosols. Direct radiative forcing is estimated to be 
-0.4 Wm“^ for sulphate, -0.2 Wm“^ for biomass burning 
aerosols, -0. 1 Wm"^ for fossil fuel organic carbon and 
+0.2 Wm"^ for fossil fuel black carbon aerosols. There is 
much less confidence in the ability to quantify the total 
aerosol direct effect, and its evolution over time, than that 
for the gases listed above. Aerosols also vary considerably 
by region and respond quickly to changes in emissions. 

• In addition to their direct radiative forcing, aerosols have an 
indirect radiative forcing through their effects on clouds. 
There is now more evidence for this indirect effect, which is 
negative, although of veiy uncertain magnitude. 

Natural factors have made small 
contributions to radiative forcing over the 
past century. 

• The radiative forcing due to changes in solar irradiance for 
the period since 1750 is estimated to be about +0.3 Wm-^ 
most of which occurred during the first half of the 20th 
century. Since the late 1970s, satellite instruments have 
observed small oscillations due to the 1 1 -year solar cycle. 
Mechanisms for the amplification of solar effects on 
climate have been proposed, but currently lack a rigorous 
theoretical or observational basis. 

• Stratospheric aerosols from explosive volcanic eruptions 
lead to negative forcing, which lasts a few years. Several 
major eruptions occurred in the periods 1880 to 1920 and 
1960 to 1991. 

• The combined change in radiative forcing of the two major 
natural factors (solar variation and volcanic aerosols) is 
estimated to be negative for the past two, and possibly the 
past four, decades. 


Confidence in the ability of models 
to project future climate has 
increased. 

Complex physically-based climate models are required to 
provide detailed estimates of feedbacks and of regional 
features. Such models cannot yet simulate all aspects of 
climate (e.g., they still cannot account fully for the observed 
trend in the surface-troposphere temperature difference since 
1979) and there are particular uncertainties associated with 
clouds and their interaction with radiation and aerosols. 
Nevertheless, confidence in the ability of these models to 
provide useful projections of future climate has improved due 
to their demonstrated performance on a range of space and 
time-scales. 

• Understanding of climate processes and their incorporation 
in climate models have improved, including water vapour, 
sea-ice dynamics, and ocean heat transport. 

• Some recent models produce satisfactory simulations of 
current climate without the need for non-physical adjustments 
of heat and water fluxes at the ocean-atmosphere interface 
used in earlier models. 

• Simulations that include estimates of natural and 
anthropogenic forcing reproduce the observed large-scale 
changes in surface temperature over the 20th century 
(Figure 4). However, contributions from some additional 
processes and forcings may not have been included in the 
models. Nevertheless, the large-scale consistency between 
models and observations can be used to provide an 
independent check on projected warming rates over the next 
few decades under a given emissions scenario. 

• Some aspects of model simulations of ENSO, monsoons 
and the North Atlantic Oscillation, as well as selected 
periods of past climate, have improved. 
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There is new and stronger evidence 
that most of the warming observed 
over the iast 50 years is attrib- 
utable to human activities. 

The SAR concluded; ‘The balance of evidence suggests a 
discernible human influence on global climate”. That report 
also noted that the anthropogenic signal was still emerging from 
the background of natural climate variability. Since the SAR, 
progress has been made in reducing uncertainty, particularly 
with respect to distinguishing and quantifying the magnitude 
of responses to different external influences. Although many 
of the sources of uncertainty identified in the SAR still remain 
to some degree, new evidence and improved understanding 
support an updated conclusion. 

• There is a longer and more closely scrutinised temperature 
record and new model estimates of variability. The warming 
over the past 100 years is very unlikely’ to be due to 
internal variability alone, as estimated by current models. 
Reconstructions of climate data for the past 1,000 years 
(Figure lb) also indicate that this warming was unusual and 
is unlikely’ to be entirely natural in origin. 

• There are new estimates of the climate response to natural 
and antliropogenic forcing, and new detection techniques 
have been applied. Detection and attribution studies consis- 
tently find evidence for an anthropogenic signal in the 
climate record of the last 35 to 50 years. 

• Simulations of the response to natural forcings alone (i.e., 
the response to variability in solar irradiance and volcanic 
eruptions) do not explain the warming in the second half of 
the 20th century (see for example Figure 4a). However, they 
indicate that natural forcings may have contributed to the 
observed warming in the first half of the 20th century. 

• The warming over the last 50 years due to anthropogenic 
greenhouse gases can be identified despite uncertainties in 
forcing due to anthropogenic sulphate aerosol and natural 
factors (volcanoes and solar irradiance). The anthropogenic 
sulphate aerosol forcing, while uncertain, is negative over 
this period and therefore cannot explain the warming. 
Changes in natural forcing during most of this period are 
also estimated to be negative and are unlikely’ to explain 
the warming. 


• Detection and attribution studies comparing model 
simulated changes with the observed record can now take 
into account uncertainty in the magnitude of modelled 
response to external forcing, in particular that due to 
uncertainty in climate sensitivity. 

• Most of these studies find that, over the last 50 years, the 
estimated rate and magnitude of warming due to increasing 
concentrations of greenhouse gases alone are comparable 
with, or larger than, the observed warming. Furthermore, 
most model estimates that take into account both 
greenhouse gases and sulphate aerosols are consistent with 
observations over this period. 

• The best agreement between model simulations and 
observations over the last 140 years has been found when 
all the above anthropogenic and natural forcing factors are 
combined, as shown in Figure 4c. These results show that 
the forcings included are sufficient to explain the observed 
changes, but do not exclude the possibility that other 
forcings may also have contributed. 

In the light of new evidence and taking into account the 
remaining uncertainties, most of the observed warming over 
the last 50 years is likely’ to have been due to the increase in 
greenhouse gas concentrations. 

Furthermore, it is very likely’ that the 20th century warming 
has contributed significantly to the observed sea level rise, 
through thermal expansion of sea water and widespread loss of 
land ice. Within present uncertainties, observations and models 
are both consistent with a lack of significant acceleration of 
sea level rise during the 20th century. 
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Figure 4: Simulating the Earth’s temperature variations, and comparing the results to measured changes, can provide insight Into the 
underlying causes of the ma}or changes. 

A climate model can be used to simulate the temperature changes that occur both from natural and anthropogenic causes. The simulations 
represented by the band in (a) were done with only natural forcings: solar variation and volcanic activity. Those encompassed by the band in (b) were 
done with anthropogenic forcings; greenhouse gases and an estimate of sulphate aerosols, and those encompassed by the band in (c) were done with 
both natural and anthropogenic forcings included. From (b). it can be seen that inclusion of anthropogenic forcings provides a plausible explanation 
for a substantial part of the observed temperature changes over the past century, but the best match with observations is obtained in (c) when both 
natural and anthropogenic factors are included. These results show that the forcings included are sufficient to explain the observed changes, but do 
not exclude the possibility that other forcings may also have contributed. The bands of model results presented here are for four mns from the same 
model. Similar results to those in (b) are obtained with other models with anthropogenic forcing. [Based upon Chapter 12, Figure 12.7] 
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Human influences will continue to 
change atmospheric composition 
throughout the 21st century. 

Models have been used to make projections of atmospheric 
concentrations of greenhouse gases and aerosols, and hence of 
future climate, based upon emissions scenarios from the IPCC 
Special Report on Emission Scenarios (SRES) (Figure 5). 
These scenarios were developed to update the IS92 series, 
which were used in the SAR and are shown for comparison 
here in some cases. 

Greenhouse gases 

• Emissions of COj due to fossil fuel burning are virtually 
certain’ to be the dominant influence on the trends in 
atmospheric COj concentration during the 21 st century. 

• As the COj concentration of the atmosphere increases, ocean 
and land will take up a decreasing fraction of anthropogenic 
COj emissions. The net effect of land and ocean climate 
feedbacks as indicated by models is to further increase 
projected atmospheric COj concentrations, by reducing 
both the ocean and land uptake of COj. 

• By 2100, carbon cycle models project atmospheric COj 
concentrations of 540 to 970 ppm for the illustrative SRES 
scenarios (90 to 250% above the concentration of 280 ppm 
in the year 1750), Figure 5b. These projections include the 
land and ocean climate feedbacks. Uncertainties, especially 
about the magnitude of the climate feedback from the 
terrestrial biosphere, cause a variation of about -10 to 
+30% around each scenario. The total range is 490 to 1260 
ppm (75 to 350% above the 1750 concentration). 

• Changing land use could influence atmospheric COj 
concentration. Hypothetically, if all of the carbon released 
by historical land-use changes could be restored to the 
terrestrial biosphere over the course of the century (e.g., by 
reforestation), COj concentration would be reduced by 40 
to 70 ppm. 

• Model calculations of the concentrations of the non-C 02 
greenhouse gases by 2 1 00 vary considerably across the 
SRES illustrative scenarios, with CH^ changing by -190 to 
+1,970 ppb (present concentration 1,760 ppb), NjO changing 


by +38 to +144 ppb (present concentration 316 ppb), total 
tropospheric O 3 changing by -12 to +62%, and a wide 
range of changes in concentrations of HFCs, PFCs and SF^, 
all relative to the year 2000. In some scenarios, total tropos- 
pheric O 3 would become as important a radiative forcing 
agent as CH^ and, over much of the Northern Hemisphere, 
would threaten the attainment of current air quality targets. 

• Reductions in greenhouse gas emissions and the gases that 
control their concentration would be necessary to stabilise 
radiative forcing. For example, for the most important 
anthropogenic greenhouse gas, carbon cycle models indicate 
that stabilisation of atmospheric COj concentrations at 450, 
650 or 1 ,000 ppm would require global anthropogenic COj 
emissions to drop below 1990 levels, within a few decades, 
about a century, or about two centuries, respectively, and 
continue to decrease steadily thereafter. Eventually COj 
emissions would need to decline to a very small fraction of 
current emissions. 

Aerosols 

• The SRES scenarios include the possibility of either increases 
or decreases in anthropogenic aerosols (e.g., sulphate 
aerosols (Figure 5c), biomass aerosols, black and organic 
carbon aerosols) depending on the extent of fossil fuel use 
and policies to abate polluting emissions. In addition, 
natural aerosols (e.g., sea salt, dust and emissions leading to 
the production of sulphate and carbon aerosols) are 
projected to increase as a result of changes in climate. 

Radiative forcing over the 21st century 

• For the SRES illustrative scenarios, relative to the year 
2000 , the global mean radiative forcing due to greenhouse 
gases continues to increase through the 21 st century, with 
the fraction due to COj projected to increase from slightly 
more than half to about three quarters. The change in the 
direct plus indirect aerosol radiative forcing is projected to 
be sm.aller in magnitude than that of COj. 
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Global average temperature and sea 
level are projected to rise under all 
iPCC SRES scenarios. 

In order to make projections of future climate, models 
incorporate past, as well as future emissions of greenhouse 
gases and aerosols. Hence, they include estimates of warming 
to date and the commitment to future warming from past 
emissions. 

Temperature 

• The globally averaged surface temperature is projected to 
increase by 1.4 to 5.8“C (Figure 5d) over the period 1990 to 
2100. These results are for the full range of 35 SRES 
scenarios, based on a number of climate models'® ”. 

• Temperature increases are projected to be greater than those 
in the SAR, which were about 1.0 to 3.5°C based on the six 
IS92 scenarios. The higher projected temperatures and the 
wider range are due primarily to the lower projected 
sulphur dioxide emissions in the SRES scenarios relative to 
the IS92 scenarios. 

• The projected rate of warming is much larger than the 
observed changes during the 20th century and is very likely’ 
to be without precedent during at least the iast 10,000 years, 
based on palaeoclimate data. 

• By 21(X), the range in the surface temperature response 
across the group of climate models run with a given 
scenario is comparable to the range obtained from a single 
model run with the different SRES scenarios. 

• On timescales of a few decades, the current observed rate of 
warming can be used to constrain the projected response to 
a given emissions scenario despite uncertainty in climate 
sensitivity. This approach suggests that anthropogenic 


warming is likely’ to lie in the range of 0.1 to 0.2‘’C per 
decade over the next few decades under the IS92a scenario, 
similar to the corresponding range of projections of the 
simple model used in Figure 5d. 

• Based on recent global model simulations, it is very likely’ 
that nearly all land areas will warm more rapidly than the 
global average, particularly those at northern high latitudes 
in the cold season. Most notable of these is the warming in 
the northern regions of North America, and northern and 
central Asia, which exceeds global mean warming in each 
model by more than 40%. In contrast, the warming is less 
than the global mean change in south and southeast Asia in 
summer and in southern South America in winter. 

• Recent trends for surface temperature to become more 

El Nino-like in the tropical Pacific, with the eastern tropical 
Pacific warming more than the western tropical Pacific, 
with a corresponding eastward shift of precipitation, are 
projected to continue in many models. 

Precipitation 

• Based on global model simulations and for a wide range of 
scenarios, global average water vapour concentration and 
precipitation are projected to increase during the 21st 
century. By the second half of the 21st century, it is likely’ 
that precipitation will have increased over northern mid- to 
high latitudes and Antarctica in winter. At low latitudes 
there are both regional increases and decreases over land 
areas. Larger year to year variations in precipitation are 
very likely’ over most areas where an increase in mean 
precipitation is projected. 


’“Complex physically based climate models are the main tool for projecting future climate change, tn order to explore the full range of scenarios, these are 
complemented by simple climate models calibrated to yield an equivalent response in temperature and sea level to complex climate models. These 
projections are obtained using a simple climate model whose climate sensitivity and ocean heat uptake are calibrated to each of seven complex climate 
models. The climate sensitivity used in the simple model ranges from 1.7 to 4.200, which is comparable to the commonly accepted range of 1.5 to 4.5°C. 

” This range does not include uncertainties in the iviodelling of radiative forcing, e.g. aerosol forcing uncertainties. A small carbon-cycle climate feedback 
is included. 
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Figure 5: The global climate of the 21 at century will depend on natural changes and the response of the climate system to human activities. 


Climate models project the response of many climate variables - such as increases in global surface temperature and sea level - to various 
scenarios of greenhouse gas and other human-related emissions, (a) shows the COj emissions of the six illustrative SRES scenarios, which are 
summarised in the box on page 18, along with IS92a for comparison purposes with the SAR. (b) shows projected CO^ concentrations, (c) shows 
anthropogenic SO^ emissions. Emissions of other gases and other aerosols were included in the model but are not shown in the figure, (d) and (e) 
show the projected temperature and sea level responses, respectively. The “several models all SRES envelope” in (d) and (e) shows the 
temperature and sea level rise, respectively, for the simple model when tuned to a number of complex models with a range of climate sensitivities. 
All SRES envelopes refer to the full range of 35 SRES scenarios. The “model average all SRES envelope” shows the average from these models 
tor the range of scenarios. Note that the warming and sea level rise from these emissions would continue well beyond 2100. Also note that this 
range does not allow for uncertainty relating to ice dynamical changes in the West Antarctic ice sheet, nor does it account for uncertainties in 
projecting non-sulphate aerosols and greenhouse gas concentrations. [Based upon (a) Chapter 3, Figure 3.12, (b) Chapter 3, Figure 3,12, (c) 
Chapter 5, Figure 5.13, (d) Chapter 9. Figure 9.14, (e) Chapter 11, Figure 11.12, Appendix 11] 
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Extreme Events 

Table 1 depicts an assessment of confidence in observed 
changes in extremes of weather and climate during the latter 
half of the 20th century (left column) and in projected changes 
during the 21st century (right column)®. This assessment relies 
on observational and modelling studies, as well as the physical 
plausibility of future projections across all commonly-used 
scenarios and is based on expert judgement’. 


• For some other extreme phenomena, many of which may 
have important impacts on the environment and society, 
there is currently insufficient information to assess recent 
trends, and climate models currently lack the spatial detail 
required to make confident projections. For example, very 
small-scale phenomena, such as thunderstorms, tornadoes, 
hail and lightning, are not simulated in climate models. 


Table 1 : Estimates of confidence in obsen/ed and projected changes in extreme weather and climate events. 


Confidence in observed changes 
(latter half of the 20th century) 

Changes in Phenomenon 

Confidence in projected changes 
(during the 21st century) 

Likely’ 

I Higher maximum temperatures and more 
hot days over nearly all land areas 

Very likely’ 

Very likely’ 

Higher minimum temperatures, fewer 
cold days and frost days over nearly 
all land areas 

Very likely’ 

Very likely’ 

Reduced diurnal temperature range over 
most land areas 

Very likely’ 

Likely’, over many areas 

increase of heat index'^ over land areas 

Very likely’, over most areas 

Likely’, over many Northern Hemisphere 
mid- to high latitude land areas 

More Intense precipitation events‘’ 

Very likely’, over many areas 

Likely’, in a few areas 

Increased summer continental drying 
and associated risk of drought 

Likely’, over most mid-latitude continental 
interiors. (Lack of consistent projections 
in other areas) 

Not observed in the few analyses 
available 

increase in tropical cyclone peak wind 
intensities'^ 

Likely’, over some areas 

Insufficient data for assessment i 

Increase in tropical cyclone mean and 
peak precipitation intensities'^ 

Likely’, over some areas 

• For more details see Chapter 2 (observations) and Chapter 9, 10 (projections). 

“ For other areas, there are either insufficient data or conflicting analyses. 

° Past and future changes in tropical cyclone location and frequency are uncertain. 

** Heat index; A combination of temperature and humidity that measures effects on human comfort. 
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Bl Nino 

• Confidence in projections of changes in future frequency, 
amplitude, and spatial pattern of El Nino events in the 
tropical Pacific is tempered by some shortcomings in how 
well El Nino is simulated in complex models. Current 
projections show little change or a small increase in 
amplitude for El Nino events over the next 100 years. 

• Even with little or no change in El Nino amplitude, 
global warming is likely’ to lead to greater extremes of 
drying and heavy rainfall and increase the risk of 
droughts and floods that occur with El Nino events in 
many different regions. 

Monsoons 

• It is likely’ that warming associated with increasing 
greenhouse gas concentrations will cause an increase of 
Asian summer monsoon precipitation variability. Changes 
in monsoon mean duration and strength depend on the 
details of the emission scenario. The confidence in such 
projections is also limited by how well the climate 
models simulate the detailed seasonal evolution of the 
monsoons. 

Thermohallne circulation 

• Most models show weakening of the ocean thermohaline 
circulation which leads to a reduction of the heat 
transport into high latitudes of the Northern Hemisphere. 
However, even in models where the thermohaline 
circulation weakens, there is still a warming over Europe 
due to increased greenhouse gases. The current 
projections using climate models do not exhibit a 
complete shut-down of the thermohaline circulation by 
2100. Beyond 2100, the thermohaline circulation could 
completely, and possibly irreversibly, shut-down in either 
hemisphere if the change in radiative forcing is large 
enough and applied long enough. 


Snow and Ice 

• Northern Hemisphere snow cover and sea-ice extent are 
projected to decrease further. 

• Glaciers and ice caps are projected to continue their 
widespread retreat during the 21st century. 

• The A.ntarctic ice sheet is likely’ to gain mass because of 
greater precipitation, while the Greenland ice sheet is 
likely’ to lose mass because the increase in runoff will 
exceed the precipitation increase. 

• Concerns have been expressed about the stability of the 
West Antarctic ice sheet because it is grounded below sea 
level. However, loss of grounded ice leading to substantial 
sea level rise from this source is now widely agreed to be 
very unlikely’ during the 21st century, although its 
dynamics are still inadequately understood, especially for 
projections on longer time-scales. 

Sea level 

• Global mean sea level is projected to rise by 0.09 to 0.88 
metres between 1990 and 2100, for the full range of 
SRES scenarios. This is due primarily to thermal 
expansion and loss of mass from glaciers and ice caps 
(Figure 5e). The range of sea level rise presented in the 
SAR was 0.13 to 0.94 metres based on the IS92 
scenarios. Despite the higher temperature change 
projections in this assessment, the sea level projections 
are slightly lower, primarily due to the use of improved 
models, which give a smaller contribution from glaciers 
and ice sheets. 
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Anthropogenic climate change will 
persist for many centuries. 

• Emissions of long-lived greenhouse gases (i.e., COj, NjO, 
PFCs, SFg) have a lasting effect on atmospheric 
composition, radiative forcing and climate. For example, 
several centuries after CO 2 emissions occur, about a quarter 
of the increase in CO, concentration caused by these 
emissions is still present in the atmosphere. 

• After greenhouse gas concentrations have stabilised, global 
average surface temperatures would rise at a rate of only a 
few tenths of a degree per century rather than several 
degrees per century as projected for the 21st century 
without stabilisation. The lower the level at which 
concentrations are stabilised, the smaller the total 
temperature change. 

• Global mean surface temperature increases and rising sea 
level from thermal expansion of the ocean are projected to 
continue for hundreds of years after stabilisation of 
greenhouse gas concentrations (even at present levels), 
owing to the long timescales on which the deep ocean 
adjusts to climate change. 

• Ice sheets will continue to react to climate warming and 
contribute to sea level rise for thousands of years after 
climate has been stabilised. Climate models indicate that 
the local warming over Greenland is likely’ to be one to 
three times the global average. Ice sheet models project that 
a local warming of larger than 3®C, if sustained for 
millennia, would lead to virtually a complete melting of the 
Greenland ice sheet with a resulting sea level rise of about 
7 metres. A local warming of 5.5°C, if sustained for 1,000 
years, would be likely’ to result in a contribution from 
Greenland of about 3 metres to sea level rise. 

• Current ice dynamic models suggest that the West Antarctic 
ice sheet could contribute up to 3 metres to sea level rise 
over the next 1,000 years, but such results are strongly 
dependent on model assumptions regarding climate change 
scenarios, ice dynamics and other factors. 


Further action is required to 
address remaining gaps in 
information and understanding. 

Further research is required to improve the ability to detect, 
attribute and understand climate change, to reduce uncertainties 
and to project future climate changes. In particular, there is a 
need for additional systematic and sustained observations, 
modelling and process studies. A serious concern is the decline 
of observational networks. The following are high priority 
areas for action. 

• Systematic observations and reconstructions: 

- Reverse the decline of observational networks in many 
parts of the world. 

- Sustain and expand the observational foundation for 
climate studies by providing accurate, long-term, 
consistent data including implementation of a strategy for 
integrated global observations. 

- Enhance the development of reconstructions of past 
climate periods. 

- Improve the observations of the spatial distribution of 
greenhouse gases and aerosols. 

• Modelling and process studies: 

- Improve understanding of the mechanisms and factors 
leading to changes in radiative forcing. 

- Understand and characterise the important unresolved 
processes and feedbacks, both physical and biogeo- 
chemical, in the climate system. 

- Improve methods to quantify uncertainties of climate 
projections and scenarios, including long-term ensemble 
simulations using complex models. 

- Improve the integrated hierarchy of global and regional 
climate models with a focus on the simulation of climate 
variability, regional climate changes and extreme events. 

- Link more effectively models of the physical climate and 
the biogeochemical system, and in turn improve coupling 
with descriptions of human activities. 
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Cutting across these foci are crucial needs associated with 
strengthening international co-operation and co-ordination in 
order to better utilise scientific, computational and observational 
resources. This should also promote the free exchange of data 
among scientists. A special need is to increase the observational 
and research capacities in many regions, particularly in 
developing countries. Finally, as is the goal of this assessment, 
there is a continuing imperative to communicate research 
advances in terms that are relevant to decision making. 


The Emissions Scenarios of the Speciai Report on Emissions Scenarios 
(SRES) 

Al. The A1 storyline and scenario family describes a future world of very rapid economic growth, global population that 
peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major 
underlying themes are convergence among regions, capacity building and increased cultural and social interactions, with a 
substantial reduction in regional differences in per capita income. The Al scenario family develops into three groups that 
describe alternative directions of technological change in the energy system. The three Al groups are distinguished by their 
technological emphasis: fossil intensive (AIFI), non-fossil energy sources (AIT), or a balance across all sources (AIB) (where 
balanced is defined as not relying too heavily on one particular energy source, on the assumption that similar improvement 
rates apply to all energy supply and end use technologies). 

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self-reliance and 
preservation of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing 
population. Economic development is primarily regionally oriented and per capita economic growth and technological change 
more fragmented and slower than other storylines. 

Bl. The B1 storyline and scenario family describes a convergent world with the same global population, that peaks in mid- 
century and declines thereafter, as in the Al storyline, but with rapid change in economic structures toward a service and 
information economy, with reductions in material intensity and the introduction of clean and resource-efficient technologies. 
The emphasis is on global solutions to economic, social and environmental sustainability, including improved equity, but 
without additional climate initiatives. 

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social 
and environmental sustainability. It is a world with continuously increasing global population, at a rate lower than A2, 
intermediate levels of economic development, and less rapid and more diverse technological change than in the Bl and Al 
storylines. While the scenario is also oriented towards environmental protection and social equity, it focuses on local and 
regional levels. 

An illustrative scenario was chosen for each of the six scenario groups AIB, AIFI, AIT, A2, Bl and B2. All should be 
considered equally sound. 

The S^RES scenarios do not include additional climate initiatives, which means that no scenarios are included that explicitly 
assume implementation of the United Nations Framework Convention on Climate Change or the emissions targets of the 
Kyoto Protocol. 


D 
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Source Information; Summary for 
Policymakers 

This appendix provides the cross-reference of the topics in the 
Summary for Policymakers (page and bullet point topic) to the 
sections of the chapters of the full report that contain 
expanded information about the topic. 


An Increasing body of observations gives a 
collective picture of a warming world and 
other changes In the climate system. 

SPM Page Cross-Reference: SPM Topic - Chapter Section 

2 The global average surface temperature has 

increased over the 20th century by about 0.6°C. 

• Chapter 2.2.2 • Chapter 2.2.2 •Chapter 2.3 

• Chapter 2.2.2 

4 Temperatures have risen during the past four 

decades in the lowest 8 kilometres of the 
atmosphere. • Chapter 2.2.3 and 2.2.4 

• Chapter 2.2.3 and 2.2.4 • Chapter 2.2.3, 2.2.4 
and Chapter 12.3.2 

4 Snow cover and ice extent have decreased. All 

three bullet points: Chapter 2.2.5 and 2.2.6 

4 Global average sea level has risen and ocean 
heat content has increased. • Chapter 1 1.3.2 

• Chapter 2.2.2 and Chapter 1 1.2.1 

4-5 Changes have also occurred in other important 

aspects of climate. • Chapter 2.5.2 

• Chapter 2.7.2 • Chapter 2.2.2 and 2.5.5 

• Chapter 2.7.2 • Chapter 2.6.2 and 2.6.3 

• Chapter 2.7.3 • Chapter 2.7.3 

5 Some important aspects of climate appear not to 
have changed. • Chapter 2.2.2 • Chapter 2.2.5 

• Chapter 2.7.3 • Chapter 2.7.3 


Emissions of greenhouse gases and 
aerosols due to human activities continue 
to alter the atmosphere In ways that are 
expected to affect the climate system. 

SPM Page Cross-Reference: SPM Topic - Chapter Section 

5 Chapeau; “Changes in climate occur ...” 

Chapter 1, Chapter 3.1, Chapter 4.1, Chapter 5.1, 
Chapter 6.1, 6.2, 6.9, 6.1 1 and 6.13 
7 Concentrations of atmospheric greenhouse gases 

and their radiative forcing have continued to 
increase as a result of human activities. 

Carbon dioxide: • Chapter 3.3.1, 3.3.2, 3.3.3 
and 3.5.1 • Chapter 3.5.1 

• Chapter 3.2.2, 3.2.3, 3.5.1 and Table 3.1 

• Chapter 3.5.1 and 3.5.2 
Methane: • Chapter 4.2.1 
Nitrous oxide: • Chapter 4.2. 1 
Halocarbons; • Chapter 4.2.2 
Radiative forcing of well-mixed gases: 

• Chapter 4.2.1 and Chapter 6.3 
Stratospheric ozone: • Chapter 4.2.2 and 
Chapter 6.4 

Tropospheric ozone: • Chapter 4.2.4 and 
Chapter 6.5 

9 Anthropogenic aerosols are short-lived and 

mostly produce negative radiative forcing. 

• Chapter 5.2 and 5.5.4 • Chapter 5.1, 5.2 and 
Chapter 6.7 • Chapter 5.3.2, 5.4.3 and Chapter 6.8 

9 Natural factors have made small contributions to 

radiative forcing over the past century. 

• Chapter 6.11 and 6.15.1 •Chapter 6.9 and 6.15.1 

• Chapter 6.15.1 
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Confidence In the ability of models to 
project future climate has Increased. 

SPM Page Cross-Reference: SPM Topic - Chapter Section 

9 Chapeau: “Complex physically-based ...” 

Chapter 8.3.2, 8.5.1, 8.6.1, 8.10.3 and Chapter 12.3.2 

9 •Chapter 7,2.1, 7.5.2 and 7.6.1 • Chapter 8.4.2 

• Chapter 8.6.3 and Chapter 12.3.2 

• Chapter 8.5.5, 8.7,1 and 8.7.5 

There Is new and stronger evidence that 
most of the warming observed over the last 
50 years Is attributable to human activities. 

SPM Page Cross-Reference: SPM Topic - Chapter Section 

10 Chapeau: ‘The SAR concluded; The balance of 
evidence suggests ...” Chapter 12.1.2 and 12.6 

10 • Chapter 12.2.2, 12.4.3 and 12.6 

• Chapter 12.4.1, 12.4.2, 12.4.3 and 12.6 

• Chapter 12.2.3, 12.4.1, 12.4.2, 12.4.3 and 12.6 

• Chapter 12.4.3 and 12.6. • Chapter 12.6 

• Chapter 12.4.3 • Chapter 12.4.3 and 12.6 

10 “In the light of new evidence and taking into 

account the ...” Chapter 12.4 and 12.6 
10 “Furthermore, it is very likely that the 20th 

century warming has ...” Chapter 1 1.4 

Human Influences will continue to change 
atmospheric composition throughout the 
21st century. 

SPM Page Cross-Reference: SPM Topic - Chapter Section 

12 Chapeau; “Models have been used to make 

projections ...” Chapter 4.4.5 and Appendix n 
1 2 Greenhouse gases • Chapter 3.7.3 and Appendix II 

• Chapter 3.7.1, 3.7.2, 3.7.3 and Appendix 11 

• Chapter 3.7,3 and Appendix n 

• Chapter 3.2.2 and Appendix 11 

• Chapter 4.4.5, 4.5, 4.6 and Appendix 11 

• Chapter 3.7.3 

12 Aerosols • Chapter 5.5.2, 5.5.3 and Appendix II 

1 2 Radiative forcing over the 21st century 

• Chapter 6.15.2 and Appendix II 


Global average temperature and sea level 
are projected to rise under all IPCC SRES 
scenarios. 


SPM Page 

Cross-Reference: SPM Topic - Chapter Section 

13 

Temperature • Chapter 9.3.3 • Chapter 9.3.3 

• Chapter 2.2.2, 2.3.2 and 2.4 • Chapter 9.3.3 
and Chapter 10.3.2 • Chapter 8.6.1, Chapter 
12.4.3, Chapter 13.5.1 and 13.5.2 

• Chapter 10.3.2 and Box 10.1 • Chapter 9.3.2 

13 

Precipitation • Chapter 9.3.1, 9.3.6, Chapter 
10.3.2 and Box 10.1 

15 

Extreme events Table 1: Chapter 2.1, 2.2, 2.5, 
2.7.2, 2.7.3, Chapter 9.3.6 and Chapter 10.3.2 
• Chapter 2.7.3 and Chapter 9.3.6 

16 

El Nino • Chapter 9.3.5 • Chapter 9.3.5 

16 

Monsoons • Chapter 9.3.5 

16 

Thermohaline circulation • Chapter 9.3.4 

16 

Snow and ice 9 Chapter 9.3.2 • Chapter 1 1.5.1 
• Chapter 1 1 .5. 1 • Chapter 1 1 .5.4 
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2.1 Introduction 

Observed climate change and variability (for definitions, see the 
IPCC Glossary, Appendix I) are considered in this chapter by 
addressing seven commonly asked questions related to the 
detection of climate change and sensitivity of the climate to 
anthropogenic activity. The questions are; 

How much is the world warming? 

Is the recent warming unusual? 

How rapidly did climate change in the distant past? 

Have precipitation and atmospheric moisture changed? 

Are the atmospheric/oceanic circulations changing? 

Has climate variability, or have climate extremes, changed? 

Are the observed trends internally consistent? 

This chapter emphasises change against a background of 
variability. The certainty of conclusions that can be drawn about 
climate from obsen-ations depends critically on the availability of 
accurate, complete and consistent series of observations. For 
many variables important in documenting, detecting, and 
attributing climate change, Karl et al (1995a) demonstrate that 
the data are still not good enough for really firm conclusions to 
be reached, as noted in the IPCC WGI Second Assessment 
Report (IPCC, 1996) (hereafter SAR). This especially applies to 
global trends in variables that have large regional variations, such 
as precipitation, whereas conclusions about temperature changes 
are often considerably more firmly based. The recently 
designated Global Climate Observing System (GCOS) upper air 
network (Wallis, 1 998) and a GCOS surface network (Peterson et 
al., 1997), maintained and reporting to higher standards, may 
have had a limited positive impact on the quality and availability 
of some of our results. New data sets e.g., on surface humidity, 
sea-ice thickness and sub-surface ocean temperature, have 
widened the range of conclusions than can be drawn since the 
SAR, albeit tentatively. However, a wider range of analytical 
techniques and tests of the data have increa,sed our confidence in 
areas such as surface temperature changes. 

Throughout the chapter we try to consistently indicate the 
degree of our confidence in trends and other results. Sometimes 
we provide quantitative estimates of uncertainty, as far as 
possible the value of twice the standard error, or we estimate 
statistical .significance at the 0.05 (5%) level. This is the 
appropriate terminology and implies that what we see is very 
unusual, given the null hypothesis. We use the word “trend” to 
designate a generally progressive change in the level of a 
variable. Where numerical values are given, they are equivalent 
linear trends, though more complex changes in the variable will 
often be clear from the description. We use the word “consistent” 
to imply similarity between results or data sets that are expected 
to be related on phy.sical grounds. Where this is not possible, we 
use the following words to indicate judgmental estimates of 
confidence: virtually certain (>99% chance that a result is true); 
very likely (>90% but <99% chance); likely (>66% but <90% 
chance); medium likelihood (>33% but <66% chance), unlikely 
(>I0% but <33% chance); very unlikely (>1% but <10% chance) 
and exceptionally unlikely (<1% chance). 


2.2 How Much is the World Warming? 

2,2.1 Background 

The SAR concluded that, on a global average, land-surface air 
and sea surface temperature rose by between 0.3°C and O.bX 
between the late 19th centuiy' and 1994. In this section, the recent 
warming is re-examined, using updated data. We include recent 
analyses of the diurnal asymmetry of the warming and its 
geographical .structure. Conventional temperature observations 
are supplemented by indirect evidence and by satellite-based 
data. For the first time, we make objective estimates of uncertain- 
ties in the surface temperature data, though these are preliminary. 
We also assess recent work in compiling hemispheric and global 
temperature records from palaeoclimatic data, especially for the 
most recent millennium. 

2.2.2 Temperature in the Instrumental Record for Land and 
Oceans 

Note that all data sets are adjusted to have zero anomaly when 
averaged over the period 1961 to 1990. 

2.2.2. 1 Land-surface air temperature 

The SAR reviewed the three databases of land-surface air temper- 
ature due to Jones (1994), Hansen and Lebedeff (1988) and 
Vinnikov et al. (1990). The first and second databa.ses have been 
updated by Jones et al. (2001) and Hansen et al. (1999), respec- 
tively, and a further analysis has become available (Peterson and 
Vose, 1997; Peterson et al, 1998a, 1999). The last paper also 
separates rural temperature stations in the Global Historical 
Climatology Network (GHCN) (Peterson and Vose, 1997) from 
the full set of stations which, in common with the other three 
analyses, have been screened for urbanisation effects. While there 
is little difference in the long-term (1880 to 1998) rural 
(0.70°C/century) and full set of station temperature trends 
(actually less at 0.65°C/century), more recent data ( 1 95 1 to 1 989), 
as cited in Peterson et al. (1999), do suggest a slight divergence 
in the rural (O.SO^'C/century) and full set of station trends 
(0.92°C/centuiy). However, neither pair of differences is statisti- 
cally significant. In addition, while not reported in Peterson et al, 
the 1951 to 1989 trend for urban stations alone was 
0.10°C/decade. We conclude that estimates of long-term (1 880 to 
1998) global land-surface air temperature vaiiations and ti-ends 
are relatively little affected by whether the station distribution 
typically used by the four global analyses is used, or whether a 
special effort is made to concentrate on rural stations using 
elaborate criteria to identify them. Part of the reason for this lack 
of sensitivity is that the average trends in available worldwide 
urban stations for 1951 to 1989 are not greatly more than those 
for all land stations (0.09‘’C/decade). The differences in trend 
between rural and all stations are also virtually unaffected by 
elimination of areas of large.st temperature change, like Siberia, 
because such aieas aie well represented in both sets of stations. 

The.se results confirm the conclusions of Jones et al. (1990) 
and Easterling et al. (1997) that urban effects on 20th century 
globally and hemispherically averaged land air temperature time- 
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^ Analyses of overall temperature trends in the low to mid- 
>posphere and near the suiface since 1958 are in good 
agreement, with a wanning of about 0.1 °C per decade. Since the 
beginning of the satellite record (1979). however, low to mid- 
troposphere temperatures have w'armed in both satellite and 
weather balloon records at a global rate of only 0.04 and 
0.03‘’C/decade respectively. This is about 0.12“C/decade less 
than the rate of temperature increase near the surface since 1979. 
About half of this difference in wanning rate is very likely to be 
due to the combination of differences in spatial coverage and the 
real physical affects of volcanoes and ENSO (Santer et al.. 2000), 
see also Chapter 12. The remaining difference remains 
unexplained, but is likely to be real. In the stratosphere, both 
satellites and weather balloons continue to show sub.stantial 
cooling. The faster rate of recession of tiopical mountain glaciers 
in the last twenty years than might have been expected from the 
MSU and radiosonde records remains unexplained, though some 
glaciers may still be responding to the warming indicated by 
radiosondes that occuired around 1976 to 1981. 

2.3 Is the Recent Warming Unusual? 

2.3.1 Background 

To determine whether 20th century warming is unusual, it is 
essential to place it in the context of longer-term climate 
variability. Owing to the sparseness of instrumental climate 
records prior to the 20th century (especially prior to the mid- 19th 
mtury), estimates of global climate vaiiability during past 
centuries must often rely upon indirect “proxy” indicators - 
natural or human documentary' archives that record past climate 
variations, but must be calibrated against instrumental data for a 
meaningful climate interpretation (Bradley, 1999, gives a 
review). Coarsely resolved climate trends over several centuries 
are evident in many I'egions e.g., from the recession of glaciers 
(Grove and Switsui; 1994; and Section 2.2.5,4) or the geothermal 
infonnation provided by borehole measurements (Pollack et al, 
1998). Large-scale estimates of decadal, annual or seasonal 
climate variations in past centuries, however, must rely upon 
sources that re.solve annual or seasonal climatic variations. Such 
proxy information includes width and density measurements 
from tree rings (e.g.. Cook, 1995; see Fritts, 1991, for a review), 
layer thickness from laminated sediment cores (e.g., Hughen et 
al, 1996; Lamoureux and Bradley, 1996), isotopes, chemistry, 
and accumulation from annually resolved ice cores (e.g., 
Claussen et al, 1995; Fisher et al, 1998), i.sotopes from corals 
(e.g., Tudhope et al, 1995; Dunbar and Cole, 1999), and tlie 
.sparse historical documentary evidence available over the globe 
during the past few' centuries (see e.g., Bradley and Jones, 1995; 
Pfister et al, 1998), Taken as a whole, such proxy climate data 
can provide global scale sampling of climate variations several 
centuries into the past, with the potential to resolve large-.scale 
patterns of climate change prior to the instrumental period, albeit 
with important limitations and uncertainties. 

The SAR examined evidence for climate change in the past, 

1 time-scales of centuries to millennia. Based on information 
.rom a variety of proxy climate indicators, reconstructions of 


mountain glacier mass and extent, and geothennal sub-surface 
information from boreholes, it was concluded that summer temper- 
atures in the Northern Hemisphere during recent decades are the 
warme.st in at least six centuries. While data prior to AD 14(X) were 
considered too sparse for reliable inferences regarding hemispheric 
or global mean temperatures, regional inferences were nonetheless 
made about climate changes further back in time. 

Since the SAR, a number of .studies ba.sed on considerably 
expanded databases of palaeoclimate information have allowed 
more decisive conclusions about the spatial and temporal patterns 
of climate change in past centuries. A number of important 
advances have been in key areas such as ice core palaeoclirna- 
tology (e.g., White et al, 1998a), dendroclimatology (e.g.. Cook, 
1995; Briffa et al, 1998b), and geothermal palaeo-temperature 
estimation (e.g.. Pollack et al, 1998). Moreover, the latest studies 
based on global networks of “multi-proxy” data have proved 
particularly useful for describing global or hemispheric patterns 
of climate variability in past centuries (e.g., Bradley and Jones, 
1993; Hughes and Diaz, 1994; Mann et al, 1995; Fisher, 1997; 
Overpeck er g/„ 1997; Mann et al, 1998, 1999), Such estimates 
allow the observed trends of the 20th century to be put in a 
longer-term perspective. These have aLso allowed better compar- 
isons with possible physical influences on climate forcings (Lean 
et al, 1995; Crowley and Kim, 1996, 1999; Oveipeck et al, 
1997; Mann et al, 1998; Waple et al, 2001), and for new evalua- 
tions of the low-frequency climate variability exhibited by 
numerical climate models (Baiuett et al , 1 996; Jones et al , 1 998; 
Crowley and Kim, 1999; Delworth and Mann, 2000). 

2.3.2 Temperature of the Past 1,000 Years 

The past 1,000 years are a particularly important time-frame for 
as.sessing the background natural vaiiability of the climate for 
climate change detection. Astronomical boundary conditions 
have strayed relatively little from their modern-day values over 
this interval (but see Section 2.3.4 for a possible caveat) and, with 
the latest evidence, tlie spatial extent of large-scale climate 
change during the past millennium can now be meaningfully 
characterised (Briffa et al, 1998b; Jones etal, 1998; Mann et al, 
1998; 1999; 2000a; 2000b). Moreover, estimates of volcanic and 
solar climate forcings are also possible over this period, allowing 
model-based estimates of their climate effects (Crowley and 
Kim, 1999; Free and Robock, 1999). 

2.3.2. 1 Palaeoclimate proxy indicators 

A “proxy” climate indicator is a local record that is interpreted 
using physical or biophysical principles to represent some 
combination of climate-related variations back in time. 
Palaeoclimate proxy indicators have the potential to provide 
evidence for large-scale climatic changes prior to the existence of 
widespread instrumental or historical documentary records. 
Typically, the interpretation of a proxy climate record is compli- 
cated by tlie presence of “noi.se” in w'hich climate information is 
immersed, and a vaiiety of possible distortions of the underlying 
climate information (e.g., Bradley, 1999; Ren, I999a,bJ. Careful 
calibration and cross-validation procedures are necessaiy to 
establish a reliable relationship between a proxy indicator and the 
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climatic variable or variables it is assumed to represent, providing 
a “transfer” function through which past climatic conditions can 
be estimated. JHigh-resolution proxy climate indicators, including 
tree jings, corals, ice cores, and laminated lake/ocean sediments, 
can be used to provide detailed infomration on annual or near- 
annual climate variations back in time. Certain coar.ser resolution 
proxy infonnation (from e.g., boreholes, glacial moraines, and 
non-laminated ocean sediment records) can usefully supplement 
this high-resolution information. Important recent advances in 
the development and interpretation of proxy climate indicators 
are described below. 

Tree rings 

Tree-ring records of past climate are precisely dated, annually 
resolved, and can be well calibrated and verified (Fritts, 1976). 
They typically extend from the present to several centuries or 
more into the past, and so are useful for documenting climate 
change in terrestrial regions of the globe. Many recent studies 
have sought to reconstruct waim-season and annual temperatures 
several centuries or more ago from either the width or the density 
of annual grow'tli rings (Briffa et al., 1995; D’Arrigo et at., 1996; 
Jacoby et al., 1996; D’Arrigo et al., 1998; Wiles et al., 1998; 
Hughes et al., 1999; Cook et al., 2000). Recently, there has been 
a concerted effort to develop spatial reconstructions of past 
temperature variations (e.g., Briffa et al., 1996) and estimates of 
hemispheric and global temperature change (e.g., Briffa et al., 
1 998b; Briffa, 2000). Tree-ring networks are also now being used 
to reconstruct important indices of climate variability over several 
centuries such as the Southern Oscillation Index (Stable et al., 

1 998), the North Atlantic Oscillation (Cook et al, 1998; Cullen et 
al, 2001) and the Antarctic Oscillation Index (Villalba et al, 
1997) (see also Section 2.6), as well as patterns of pre-instru- 
mental precipitation and drought (Section 2.5.2.2). 

Several important caveats must be borne in mind when using 
tree-ring data for palaeoclimate reconstructions. Not least is the 
intrin.sic .sampling bias. Tree-ring information is available only in 
tenestrial regions, so is not available over subsUintial regions of 
the globe, and the climate .signals contained in tree-ring density or 
width data reflect a complex biological response to climate 
forcing. Non-climatic growth trends must be removed from the 
tree-ring chronology, making it difficult to resolve time-scales 
longer than the lengths of the constituent chronologies (Briffa, 
2000). Furthennore, the biological response to climate forcing 
may change over time. There is evidence, for example, that high 
latitude tree-ring density variations have changed in their response 
to temperature in recent decades, associated with possible non- 
climatic factors (Briffa et al, 1998a). By contrast, Vaganov et al. 
(1999) have presented evidence that such changes may actually be 
climatic and result from the effects of increasing winter precipita- 
tion on the starting date of the growing season (.see Section 
2.7.2.2). Caibon dioxide fertilization may also have an influence, 
particularly on high-elevation drought-sensitive tree species, 
although attempts have been made to correct for this effect where 
appropriate (Mann et al, 1999). Thus climate reconstructions 
based entirely on tree-ring data are susceptible to several sources 
of contamination or non-stationarity of response. For these 
reasons, investigators have increasingly found tree-ring data most 


useful when supplemented by other types of proxy infomiation in 
“multi-proxy” estimates of past temperature change (Overpeck et 
al, 1997; Jones et al, 1998; Mann et al, 1998; 1999; 2000a; 
2000b; Crowley and Lowery, 2000). 

Corals 

Palaeoclimate reconstructions from corals provide insights into 
the pa.st variability of the tropical and sub-tropical oceans and 
atmosphere, prior to the instrumental period, at annual or seasonal 
resolutions, making them a key addition to terrestrial information. 
Because of their potential to sample climate variations in ENSO- 
sen.sitive regions, a modest network of high-quality coral site 
records can resolve key large-scale patterns of climate variability 
(Evans et al, 1 998). The corals u.sed for palaeoclimate reconstruc- 
tion grow throughout the tropics in relatively shallow waters, often 
living for several centuries. Accurate annual age estimates are 
possible for most sites using a combination of annual variations in 
.skeletal density and geochemical parameters. Palaeoclimate 
reconstructions from corals generally rely on geochemical charac- 
teri.stics of the coral skeleton such as temporal variations in trace 
elements or stable isotopes or, less frequently, on density or 
variations in fluorescence. Dunbar and Cole (1999) review the use 
of coral records for palaeoclimatic reconshuction. 

Ice cores 

Ice cores from polar regions of northern Greenland, Canada and 
the islands of tlie North Atlantic and Arctic Oceans, Antarctica, 
and alpine, tropical and .sub-tropical locations (e.g., Thompson, 
1996) can provide several climate-related indicators. The.se 
indicators include stable isotopes (e.g., ^* 0 ), the fraction of 
melting ice, the rate of accumulation of precipitation, concentra- 
tions of various salts and acids, the implied atmospheric loading 
of dust pollen, and trace gases such as CH 4 and CO 2 . 

Recently, there has been increased activity in creating high- 
resolution Antarctic ice core series e.g., for the pa.st millennium 
(Peel et al, 1996; Mayewski and Goodwin, 1997; Morgan and 
van Ommen, 1997). In certain regions, isotope information from 
ice cores shows the late 20 th century temperatures as the wannest 
few decades in tire la.st 1 ,000 years (Thompson et al, 2000a). Key 
strengths of ice core information are their high resolution (annual 
or even seasonal where accumulations rates are paiticulaily high 
— see van Ommen and Morgan, 1996, 1997), availability in polar 
and high-elevation regions where other types of proxy climate 
infonnation like tree-ring data are not available, and their 
provision of multiple climate- and atmosphere-related variables 
ft-om the same reasonably well dated physical location (e.g., the 
GISP2 core; White et al, 1998a). A weakness of ice core data is 
regional sampling bias (high elevation or high latitude) and melt 
water and precipitation accumulation data aiu not easy to date 
accurately. 

The best dated .series are ba.sed on sub-annual sampling of 
cores and the counting of seasonal ice layers. Such .series may 
have absolute dating enors as small a few years in a millennium 
(Fisher et al, 1996). Dating is sometimes performed using 
volcanic acid layers with assumed dates (e.g., Clau.sen et al, 

1 995) but uncertainties in the volcanic dates can result in dating 
uncertainties throughout the core (Fisher et al, 1 998). 
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'ake and ocean sediments 

Annually laminated (varved) lake sediments offer considerable 
potential as high-resolution archives of palaeo-environmental 
conditions where other high-resolution proxy indicators are not 
available (e.g., arid terresuial regions), and latitudes poleward of 
the treeline (Lamoureux and Bradley, 1996; Wohlfarth et al., 
1998; Hughen et al., 2000). When annual deposition of the varves 
can be independently confiraied (e.g., through radiometric 
dating), they provide seasonal to interannual resolution over 
centuries to millennia. Varved sediments can be formed from 
biological processes or from the deposition of inorganic 
sediments, both of which are often influenced by climate 
variations. Three primary climate variables may influence lake 
varves: (a) summer temperature, serving as an index of the 
energy available to melt the seasonal snowpack, or snow and ice 
on glaciers; (b) winter snowfall, which governs the volume of 
discharge capable of mobilising sediments w'hen melting; and (c) 
rainfall. Laminated lake .sediments dominated by (a) can be u.sed 
for inferences about past high latitude summer temperature 
changes (e.g.. Overpeck et al, 1997), while sediments dominated 
by the latter two influences can be used to estimate past drought 
and precipitation patterns (Section 2.5 .2.2). 

Ocean sediments may also be useful for high-resolution 
climate reconstructions. In rare examples, annually laminated 
sediments can be found (e.g., Hughen et al., 1996; Black et al., 

1999) and it is possible to incorporate isotope and other informa- 
tion in climate reconstructions, much as varved lake sediments 

re used. Otherw'ise, sedimentation rates may sometimes still be 

jfTrciently high that century-scale variability is resolvable (e.g., 
the Bermuda rise ocean sediment oxygen isotope record of 
Keigwin, 1996). Dating in such cases, however, must rely on 
radiometric methods with relatively poor age control. 

Borehole measurements 

Borehole measurements attempt to relate profiles of temperature 
with depth to the history of temperature change al the ground 
surface. The present global database of more than 600 borehole 
temperature-depth profiles has the densest geographic coverage 
in North America and Europe, but .sparser data are available in 
other regions (e.g., Australia, Asia, Afiica and South America). 
The depths of the temperature profiles range from about 200 to 
greater than 1 .000 m, allowing palaeo-temperature reconstruc- 
tions back several hundred to a thousand years. Although lai'ge- 
scale temperature reconstructions have been made to more than a 
millennium ago (Huang et al., 1997). they show sutetantial 
sensitivity to assumptions that are needed to convert the temper- 
ature profiles to ground surface temperature changes. Borehole 
data are probably most useful for climate reconstructions over the 
last five centuries (Pollack el al, 1998). 

Figure 2,19 show's a reconstructed global ground surface 
temperature history (Pollack et al., 1998; see also Huang et al., 

2000) from an average of the 358 individual sites, most located 
in North America and Eurasia, but some located in Africa, South 
America and Australia (similar results are obtained by Huang et 
7., 2000. using an updated network of 616 sites). Superimpo.sed 

an instrumental estimate of global surface air temperature 
(Jones and Briffa, 1992). The ensemble of reconstructions shows 
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Figure 2.19; Reconstructed global ground temperature estimate from 
borehole data over the past five centuries, relative to pie.sent day. 
Shaded areas represent ± two standard eirors about the mean history 
(Pollack et al.. 1998). Superimposed is a smoothed (five-year ninning 
average) of the global surface air temperature instrumental record since 
1860 (Jones ;md Briffa, 1992). 


that the average ground temperature of the Earth has increased by 
about 0.5°C during the 20th century, and that this was the 
warmest of the past five centuries. About 80% of the sites experi- 
enced a net warming over this period. The estimated mean 
cumulative ground surface temperature change since 1500 is 
close to 1 .0 ± 0.3“C. Uncertainties due to spatial sampling (see 
Pollack et al., 1998 and Huang et al., 2000) are also shown. It 
should be noted that the temporal re.solution of the borehole 
estimates decreases sharply back in time, making it perilous to 
compare the shape of the trend shown in Figure 2.19 with better- 
resolved trends deteimined from higher-resolution climate proxy 
data discussed below. 

While borehole data provide a direct estimate of ground 
surface temperatures under certain simplifying assumptions 
about the geothermal properties of the earth near the borehole, a 
number of factors complicate their interpretation. Non-tempera- 
ture-related factors such as land-use changes, natural land cover 
variations, long-tenn variations in winter snow cover and soil 
moisture change the sub-surface thennal properties and weaken 
the interpretation of the reconstructions as estimates of surface air 
temperature change. In central England, where seasonal snow 
cover is not significant, and major land-use changes occurred 
many centuries ago, borehole ground surface temperature trends 
do tend to be similar to those in long instrumental records (Jones, 
1999), In contrast, Skinner and Majorowicz (1999) show that 
borehole estimates of giound surface temperature warming 
during the 20th century in north-we.stern North America are 1 to 
2°C greater than in conesponding instrumental estimates of 
surface air temperature. They suggest that this discrepancy may 
be due to land-use changes that can enhance warming of the 
ground surface relative to that of the overlying atmospheric 
boundary layer (see also Lewis, 1998). Such factors need to be 
better understood before borehole temperature measurements can 
be confidently interpreted. 
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Documentary evidence 

Historical documentary data are valuable sources of 
infonnation about past climate (e.g.. Brown and Issar, 1998; 
Bradley, 1999). However, their use requires great care, as such 
documents may be biased towards describing only the more 
extreme events, and are, in certain cases, prone to the use of 
inconsistent language between different writers and different 
epochs, and to errors in dating. As for all proxy information, 
historical documents require careful calibration and verification 
against modem insti-umental data. Two areas particularly strong 
in historical documents describing climate aie Europe and China. 
In Eurojic, attempts have been made to extend long climate .series 
back in time using a combination of documentaiy evidence and 
fragmentary instmmental records (e.g., Pfister, 1995; Pfister et 
al., 1998). Additional information about past climate change has 
also been obtained purely from documentary records in Europe 
(e.g., Martin-Vide and Barriendos. 1995; Brazdil, 1996; Pfister et 
al, 1996, 1998, 1999; Pfi.ster and Brdzdil, 1999; Rodrigo et al, 
1999). In China, regional instrumental temperature series have 
been extended back over much of the past millennium using 
documentaiw data combined with inferences from ice cores and 
tree rings (Wang et al, 1998a, 1998b; Wang and Gong, 2000). 

Mountain glacier moraines 

The position of moraines or till left behind by receding glaciers 
can provide information on the advances (and, less accurately, the 
retreats) of mountain glaciers. Owing to the complex balance 
between local changes in melting and ice accumulation, and the 
effects of topography which influence mountain glaciers (.see 
Section 2.2.5.4), it is difficult to reconstruct regional (as opposed 
to global) climate changes from the extent of mountain glaciers 
alone (Oerlemans, 1989). For example, both increased winter 
precipitation (through greater accumulation) and lower summer 
temperatures (through decreased melting or “ablation”) can lead 
to more positive glacial mass balances. The inertia of large 
glaciers dictates that they respond to climate change relatively 
slowly, with delays of decades or occasionally centuries. For 
smaller, fast moving glaciers in regions where precipitation and 
accumulation are moderate, temperature changes are usually the 
dominant factor influencing mountain glacier masses and 
lengths. Here glacier moraine evidence in combination with other 
lines of evidence can provide reliable information on past 
regional temperature changes (Salinger, 1995; Holzhauser and 
Zumbuhl, 1996; Rapereta/., 1996; Salinger e-t a/., 1996). 

2. J.2.2 Multi-proxy synthesis of recent temperature change 
Since tire SAR there have been several attempts to combine 
various types of high-resolution proxy climate indicators to create 
large-scale palaeoclimate recon.structions that build on earlier 
work by e.g., Bradley and Jones (1993); Hughes and Diaz (1994) 
and Mann et al (1995). Overpeck et al (1997) and Fi.sher (1997) 
have sought to combine information from ice cores, varved lake 
sediment cores, and tree rings to reconstnict high latitude climate 
trends for past centuries. Jones et al (1998) estimated extra- 
tropical Northern and Southern Hemi.sphere warm-.sea.son temper- 
ature changes during the past millennium using a spar se set of 
extra-tropical warm-season temperature proxy indicators (10 and 


8 respectively). Mann et al (1998) reconstructed global patterns 
of annual surface temperature several centuries back in time. They 
calibrated a combined terrestrial (Oee ring, ice core and historical 
documentary indicator) and marine (coral) multi-proxy climate 
network against dominant patterns of 20th century global surface 
temperature. Averaging the reconstructed temperature patterns 
over the far more data-rich Northern Hemisphere half of the 
global domain, they estimated the Northern Hemi.sphere mean 
temperature back to AD 1400, a reconstruction which had signif- 
icant skill in independent cross-validation tests. Self-consistent 
estimates were also made of the uncertainties. This w'ork has now 
been extended back to AD 1000 (Figure 2.20, based on Mann et 
al, 1999). The uncertainties (the shaded region in Figure 2.20) 
expand considerably in earlier centuries because of the sparse 
network of proxy date. Taking into account these substantial 
uncertaintie.s, Mann et al. (1999) concluded that the 1990s were 
likely to have been the warmest decade, and 1998 the warmest 
year, of the past millennium for at least the Northern Hemisphere. 
Jones et al (1998) came to a similar conclusion fiom largely 
independent data and an entirely independent methodology. 
Crowley and Lowery (2000) reached the similar conclusion that 
medieval temperatures were no warmer than mid-20th century 
temperatures. Borehole data (Pollack et al, 1998) independently 
support this conclusion for the past 500 years although, as 
discussed earlier (Section 2.3.2. 1), detailed interpretations 
comparison with long-term trends from such of such data are 
perilous owing to loss of temporal resolution back in time. 

The largely independent multi-proxy Northern Hemisphere 
temperature reconstructions of Jones et al (1998) and Mann et 
al (1999) are compared in Figure 2.21, together with an 
independent (extra-tropical, warm-sea.son) Northern Hemisphere 
temperature estimate by Briffa (2(KX)) based on tree-ring density 
data. The estimated uncertainties shown are those for the 
smoothed Mann et al series. Significant differences between the 
tliree recon.structions are evident during the 17th and early 19th 
centuries where either the Briffa et al or Jones et al series lie 
outside the estimated uncertainties in the Mann et al series. 
Much of these differences appear to result from the different 
latitudinal and seasonal emphases of the temperature estimates. 
This conclusion is supported by the obsen'ation that the Mann et 
al hemispheric temperature average, when restricted to just the 
extra-tropical (30 to 70°N band) region of the Northern 
Hemisphere, shows greater similarity in its trend over the past 
few centuries to the Jones et al reconstruction. The differences 
between these reconsti-uctions emphasise the importance of 
regional and seasonal variations in climate change. These are 
discussed in the next section. 

2.3.3 Was there a “Little Ice Age”’ and a “Medieval Warm 
Period”? 

The terms “Little Ice Age” and “Medieval Warm Period” have 
been used to describe two past climate epochs in Europe and 
neighbouring regions during roughly the 17th to 19th and 1 1th to 
14th centuries. re.spectively. The timing, how'ever, of these cold 
and warm periods has recently been demonstrated to vary 
geographically over the globe in a considerable way (Bradley and 
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Figure 2.20; Millennial Northern Hemisphere (NH) temperature reconstruction (blue) and instrumental data (red) from AD KXX) to 1999. adapted 
from Mann et al. (1999). Smoother version of NH series (black), linear trend from AD 1000 to 1 850 (purple-dashed) and two standard error limits 
(grey shaded) are shown. 


Mann etai, 1999, reconstruction (annual mean, full hemisphere) 

Mann etal, 1999, reconstruction (annual mean, SO^N to 70°N latitude band) 
Jones etal, 1998, reconstruction (summer, extra-tropical emphasis) 

Briffa, 2000, reconstruction (tree-ring density only, summer, extra-tropical) 
instrumental data (annual mean, full hemisphere) 



Figure 2.21: Comparison of wann-season (Jones et aL 1998) and annual mean (Mann et al., 1998, 1999) inulti-proxy-based and warm season 
tree-ring-based (Briffa, 2000) millennial Northern Hemisphere temperature reconstructions. The recent instrumental annual mean Northern 
Hemisphere temperature record to 1 999 is shown tor comparison. Also shown is an extra-tropical sampling of the Mann et at. ( 1 999) temperature 
■jattem reconstructions more directly comparable in its latitudinal sampling to the Jones etal. series. The self-consi.stently estimated two standard 
error limits (shaded region) for the smoothed Mann et al. (1999) series are shown. The horizontal zero line denotes the 1961 to 1990 reference 
period mean temperature. All series were smoothed with a 40-year Hamming-weights lowpass filter, with boundary constraints imposed by 
padding the .series with its mean values during the first iind last 25 years. 
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Jones. 1993; Hughes and Diaz, 1994; Crowley and Lowery, 2000). 
Evidence from mountain glaciers does suggest increased glacia- 
tion in a number of widely spread regions outside Europe prior to 
the 20th century, including Alaska, New Zealand and Patagonia 
(Grove and Switsur, 1994). However, the timing of maximum 
glacial advances in these regions differs considerably, suggesting 
that they may represent largely independent regional climate 
changes, not a globaJly-synchronous increased glaciation (see 
Bradley, 1999). Thus cunent evidence does not support globally 
synclironous periods of anomalous cold or warmth over this 
timeframe, and the conventional terms of “Little Ice Age” and 
“Medieval Warm Period” appear to have limited utility in 
describing trends in hemispheric or global mean temperature 
changes in past centuries. With the more widespread proxy data 
and multi-proxy reconstructions of temperature change now 
available, the spatial and temporal character of these putative 
climate epochs can be reassessed. 

Mann et al. (1998) and Jones et al. (1998) support the idea 
that the 15th to 19th centuries were the coldest of the millennium 
over the Northern Hemisphere overall. However, viewed 
hemispherically, the “Little Ice Age” can only be considered as a 
modest cooling of the Northern Hemisphere during this period of 
less than P’C relative to late 20th century levels (Bradley and 
Jones, 1993; Jones et al, 1998; Mann etai, 1998; 1999; Crowley 
and Loweiy', 2000). Cold conditions appear, however, to have been 
considerably more pronounced in particular regions. Such regional 
variability can be understood in part as reflecting accompanying 
changes in atmospheric circulation. The “Little Ice Age” appears 
to have been most clearly expres,sed in the North Atlantic region as 
altered patterns of atmospheric circulation (O’Brien et al, 1995). 
Unusually cold, dry winters in centr al Europe (e.g., 1 to 2°C below 
normal during the late 17th century) were very likely to have been 
associated with more frequent flows of continental air from the 
north-east (Wanner c/ a/., 1995; Pfi.ster, 1999). Such conditions are 
consistent (Luterbacher et al, 1 999) wnth the negative or enhanced 
easterly wind phase of the NAO (.Sections 2.2.2.3 and 2.6.5), 
which implies both warm and cold anomalies over different 
regions in the North Atlantic sector. Such strong influences on 
European ternperamre demonstrate the difficulty in extrapolating 
the sparse early information about European climate change to the 
hemispheric, let alone global, scale. While past changes in the 
NAO have likely had an influence in eastern North America, 
changes in the El Nino phenomenon (see also Section 2.6), are 
likely to have had a particularly significant influence on regional 
temperature patterns over North America. 

The hemispherically averaged coldness of the 1 7th centuiy 
largely reflected cold conditions in Eurasia, while cold 
hemispheric conditions in the 19th century were more associated 
with cold conditions in North America (Jones et al, 1998; Mann 
et al, 2000b). So, while the coldest decades of the 19th century 
appear to have been approximately 0.6 to 0.7°C colder than the 
latter decades of the 20th centuiy in the hemispheric mean (Mann 
et al, 1998), the coldest decades for the North American 
continent were closer to 1.5°C colder (Mann et al, 2000b). In 
addition, the timing of peak coldness was often .specific to partic- 
ulai- seasons. In Switzerland, for example, the first particulaily 
cold winters appear to have been in the 1560s, with cold springs 


beginning around 1568, and with 1573 the first unusually cold 
.summer (Pfister, 1995). 

The evidence for temperature changes in past centuries in 
the Southern Hemisphere is quite spaise. What evidence is 
available at the hemispheric scale for summer (Jones et al, 1998) 
and annual mean conditions (Mann et al, 2000b) suggests 
markedly different behaviour from the Northern Hemisphere. 
The only obvious similarity is the unprecedented warmth of the 
late 20th century. Speleothem evidence (isotopic evidence from 
calcite deposition in stalagmites and stalactites) from South 
Africa indicates anomalously cold conditions only prior to the 
19th century, while speleothem (records derived from analysing 
stalagmites and stalagtites) and glacier evidence from the 
Southern Alps of New Zealand suggests cold conditions during 
the mid- 17th and mid- 19th centuries (Salinger, 1995). 
Dendroclimatic evidence from nearby Tasmania (Cook et al, 
2000) shows no evidence of unusual coldness at these times. 
Differences in the seasons most represented by this proxy 
information prevent a more direct comparison. 

As with the “Little Ice Age”, the posited “Medieval Warm 
Period” appears to have been less distinct, more moderate in 
amplitude, and somewhat different in timing at the hemispheric 
scale than is typically inferred for the conventionally-defined 
European epoch. The Northern Hemisphere mean temperature 
estimates of Jones etal (1998), Mann et al. (1999), and Crowley 
and Lowery (2000) show temperatures from the 1 1 th to 1 4th 
centuries to be about 0.2°C wanner than those from the 1 5th to 
19th centuries, but rather below mid-20th century temperatures. 
The long-term hemispheric trend is best described as a modest 
and irregular cooling from AD 1000 to around 1850 to 1900, 
followed by an abinpt 20th centuiy wanning. Regional evidence 
is, however, quite variable. Crowley and Lowery (2000) show 
that western Greenland exhibited anomalous wannth locally only 
around AD 1000 (and to a lesser extent, around AD 1400), with 
quite cold conditions during the latter part of the lltli century, 
while Scandinavian summer temperatures appeared relatively 
warm only during the 1 1th and early 12th centuries. Crowley and 
Lowery (2000) find no evidence for warmth in the tropics. 
Regional evidence for medieval warmth elsewhere in the 
Northein Hemisphere is so variable that eastern, yet not western, 
China appears to have been wairn by 20th centuiy standai'ds from 
the 9th to 13th centuries. The 12th and 14th centuries appear to 
have been mainly cold in China (Wang et al, 1998a,b; Wang and 
Gong, 2000). The restricted evidence from the Southern 
Hemi,sphere, e.g., the Tasmanian tree-ring temperature 
reconstruction of Cook et al (1999), shows no evidence for a 
distinct Medieval Warm Period. 

Medieval warmth appears, in large part, to have been 
restricted to areas in and neighbouring the North Atlantic. This 
may implicate the role of ocean circulation-related climate 
variability. The Beimuda rise sediment record of Keigwin (1996) 
suggests warm medieval conditions and cold 1 7th to 1 9th century 
conditions in die Sargas.so Sea of the tropica) North Atlantic. A 
sediment record just south of Newfoundland (Keigwin and 
Pickart, 1999), in contrast, indicates cold medieval and warm 16th 
to 1 9th century upper ocean temperatures. Keigwin and Pickart 
(1999) suggest that these temperature contrasts were associated 
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vith changes in ocean currents in the North Atlantic. They ai'gue 
that the “Little Ice Age” and “Medieval Warm Period” in the 
Atlantic region may in large measure reflect century-scale 
changes in the North Atlantic Oscillation (.see Section 2.6). Such 
regional changes in oceanic and atmospheric processes, which ai-e 
also relevant to the natural variability’ of the climate on millennial 
and longer time-scales (see Section 2.4.2), are greatly diminished 
or absent in their influence on hemispheric or global mean 
temperatures. 

2.3.4 Volcanic and Solar Effects in the Recent Record 

Recent studies comparing reconstructions of surface tempera- 
ture and natural (solar and volcanic) radiative forcing (e.g.. Lean 
et al., 1995; Crowley and Kim, 1996, 1999; Overpeck et al., 
1997; Mann et al., 1998; Damon and Peristykh, 1999; Free and 
Robock, 1999; Waple et al., 2(K)1) suggest that a combination of 
solar and volcanic influences have affected large-scale tempera- 
ture in past centuries. The primary features of the Northern 
Hemisphere mean annual temperature histories of Mann et al. 
(1999a) and Crowley and Loweiy (2000) from AD 1000 to 1900 
have been largely reproduced based on experiments using an 
Energy Balance Model forced by estimates of these natural 
radiative forcings (Crowley, 2000; Mann, 2000) making the 
argument that the “Little Ice Age” and “Medieval Warm Period”, 
at the hemispheric mean scale, are consistent with estimates of 
naturally-forced climate variability. Several studies indicate that 
the combined effect of these influences has contributed a small 
component to the warming of the 20th century. Most of these 
studies isolate greenhouse radiative forcing as being dominant 
during late 20th century warming (see Crowley, 2000). This 
argues against a close empirical relationship between certain 
sun-climate parameters and large-scale temperature that has 
been claimed for the 20th century (Hoyt and Schatten, 1997). 
The reader is refeired to Chapter 6 for a detailed discussion of 
these radiative forcings, and to Chapter 12 for comparisons of 
observed and model simulations of recent climate change. 

2.3.5 Summary 

Since the SAR there have been considerable advances in our 
knowledge of temperature change over the last millennium. It is 
likely that temperatures were relatively wami in the Northern 
Hemi.sphere as a whole during the earlier centuries of the millen- 
nium, but it is much less likely that a globally-synchronous, well 
defined interval of “Medieval warmth” existed, comparable to the 
iieai' global waimtli of the late 20th centuiy Marked warmth 
seems to have been confined to Europe and regions neighbouring 
the North Atlantic. Relatively colder hemispheric or global-scale 
conditions did appetu- to set in after about AD 1400 and persist 
through the 19th century, but peak coldness is observed during 
substantially different epochs in different regions. By contrast, the 
wju-ming of the 20th century has had a much more convincing 
global signature (see Figure 2.9). This is consistent with the 
palaeoclimate evidence that the rate and magnitude of global or 
hemispheric surface 20th centuiy warming is likely to have been 
the largest of the millennium, with the 1990s and 1998 likely to 


have been the warmest decade and year, respectively, in the 
Northern Hemisphere. Independent estimates of hemispheric and 
global ground temperature trends over the past five centuries from 
sub-surface infonnation contained in borehole data confinn the 
conclusion that late 20th century warmth is anomalous in a long- 
term context. Decreasing temporal resolution back in time of these 
estimates and potential complications in inferring surface air 
temperature trends from sub-surface ground temperature measure- 
ments precludes, however, a meaningftil direct comparison of the 
borehole estimates with high-resolution temperature estimates 
based on other proxy climate data. Because less data are available, 
less is known about annual averages prior to 1 ,000 years before the 
present and for conditions prevailing in most of the Southern 
Hemisphere prior to 1861. 

2.4 How Rapidly did Climate Change in the Distant Past? 
2.4.1 Background 

Only during the 1980s was the possibility of rapid climatic 
changes occurring at the time-scale of human life more or less 
fully recognised, largely due to the Greenland ice core drilled at 
Dye 3 in Southern Greenland (Dansgaaixi et al., 1982, 1989). A 
possible link between such events and the mode of operation of the 
ocean was then subsequently suggested (Oeschger et al., 1984; 
Broecker et al., 1985; see Broecker, 1997, for a recent review). 
The SAR reviewed the evidence of such changes since the peak of 
the last inter-glacial period about 120 ky BP (thousands of years 
Before Present). It concluded that: (1) large and rapid climatic 
changes occuned during the last Ice Age and during the transition 
towards the present Holocene; (2) temperatures were far less 
variable during this latter period; and (3) suggestions that rapid 
changes may have also occurred during the last inter-glacial 
required confirmation. 

These changes are now best documented from ice core, 
deep-sea sediment and continental records. Complementar>' and 
generally discontinuous information comes from coral and lake 
level data. The time-scale for the Pleistocene deep-sea core 
record is based on the orbitally tuned oxygen isotope record 
from marine sediments (Martinson et al., 1987), constrained by 
two radiomedically dated horizons, the peak of the last inter- 
glacial (about 124 ky BP) and the Bmnhes/Matuyama reversal 
of the Earth’s magnetic field at about 780 ky BP. ’'‘C-dating is 
also u.sed in the upper 50 ky BP; the result is a deep-sea core 
chronology believed to be accurate to within a few per cent for 
the last million years. *‘^C-dating is also used for dating 
continental records as well as the counting of annual layers in 
tree rings and varved lake records, whereas ice-core chron- 
ologies are obtained by combining layer counting, glaciological 
models and comparison with other dated records. The use of 
globally representative records, such as changes in continental 
ice volume recorded in the isotopic composition of deep-,sea 
sediments, or changes in atmospheric composition recorded in 
air bubbles trapped in ice cores, now allow such local records to 
be put into a global perspective. Studies still largely focus on the 
more recent glacial-interglacial cycle (the last 120 to 130 ky). 
Table 2.4 is a guide to terminology. 
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Foreword 


Our understanding of climate and how it has varied over time are advancing rapidly as 
new data are acquired and new investigative instruments and methods are employed. Thus in 
2005, 1 suggested to the U. S. Congress that the National Research Council (NRC) could help to 
answer questions about the data and methods that have been used in constructing records of 
Earth s surface temperatures from times when there were no scientific instruments, using proxy 
indicators. How has temperature varied over the last 2,000 years? How certain is the answer to 
this question? 

Subsequently, this study was requested by Representative Sherwood Boehlert, Chairman 
of the Committee on Science, U.S. House of Representatives. Chairman Boehlert asked for a 
clear and concise report in a relatively short period of time, and the NRC agreed to undertake the 
study quickly. An ad hoc committee was formed, with the group carefully composed to include 
the breadth and depth of expertise and perspectives needed to analyze all aspects of how surface 
temperatures are estimated and interpreted, and to comment generally on climate science. The 
NRC asked the committee to summarize current scientific information on the temperature record 
for the past two millennia, describe the main areas of uncertainty and how significant they are, 
describe the principal methodologies used and any problems with these approaches, and explain 
how central is the debate over the paleoclimate temperature record to the state of scientific 
knowledge on global climate change. 

The committee has prepared a report that, in my view, provides policy makers and the 
scientific community with a critical view of surface temperature reconstructions and how they 
are evolving over time, as well as a good sense of how important our understanding of the 
paleoclimate temperature record is within the overall state of scientific knowledge on global 
climate change. The report does not make policy recommendations. 

I thank the members of the committee, who worked intensely to produce this careful 
report in a short period of time and contributed much personal time, insight, and energy. The 
NRC staff, and all those who contributed papers, data, graphics, and other information, as well as 
the independent experts who participated in the rigorous review process, were essential 
participants. 
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Ralph J. Cicerone, President 
National Academy of Sciences 
Chair, National Research Council 
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Preface 


This committee was asked to describe and assess the state of scientific efforts to 
reconstruct surface temperature records for the Earth over approximately the last 2,000 years. 
(The full Statement of Task appears in Appendix A.) Normally, a technical issue such as surface 
temperature reconstructions might not generate widespread attention, but this case brings 
interesting lessons about how science works and how science, especially climate science, is 
communicated to policy makers and the public. The debate began in 1998 when a paper by 
Michael Mann, Raymond Bradley and Malcolm Hughes was published in the journal Nature. 

The authors used a new methodology to combine data from a number of sources to estimate 
temperatures in the Northern Hemisphere for the last six centuries, and later for the last 1,000 
years. This research received wide attention, in part because it was illustrated with a simple 
graphic, the so-called hockey stick curve, that many interpreted as definitive evidence of 
anthropogenic causes of recent climate change. The research was given prominence in the 2001 
report of the Intergovernmental Panel on Climate Change, and then picked up by many in the 
wider science community and by the popular media. 

Science is a process of exploration of ideas — hypotheses are proposed and research is 
conducted to investigate. Other scientists work on the issue, producing supporting or negating 
evidence, and each hypothesis either survives for another round, evolves into other ideas, or is 
proven false and rejected. In the case of the hockey stick, the scientific process has proceeded 
for the last few years with many researchers testing and debating the results. Critics of the 
original papers have argued that the statistical methods were flawed, that the choice of data was 
biased, and that the data and procedures used were not shared so others could verify the work. 
This report is an opportunity to examine the strengths and limitations of surface temperature 
reconstructions and the role that they play in improving our understanding of climate. The 
reconstruction produced by Dr. Mann and his colleagues was just one step in a long process of 
research, and it is not (as sometimes presented) a clinching argument for anthropogenic global 
warming, but rather one of many independent lines of research on global climate change. 

Using multiple types of proxy data to infer temperature time series over large geographic 
regions is a relatively new area of scientific research, although it builds upon the considerable 
progress that has been made in deducing past temperature variations at single sites and local 
regions. Surface temperature reconstructions often combine data from a number of specialized 
disciplines, and few individuals have expertise in all aspects of the work. The procedures for 
dealing with these data are evolving— there is no one “right” way to proceed. It is my opinion 
that this field is progressing in a healthy manner. As in all scientific endeavors, research 
reported in the scientific literature is often “work in progress” aimed at other investigators, not 
always to be taken as individual calls for action in the policy community. 

With this as context, the committee considered the voluminous literature pertinent to its 
charge and received briefings and written contributions from more than two dozen people. We 
have organized our report knowing that we have at least two different audiences— the science 
commimity and the policy community. The principal conclusions of the committee are listed in 
the Summary and explained in the Overview using nontechnical language. More extensive 
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SURFACE TEMPERATURE RECONSTRUCTIONS FOR THE LAST 2,000 YEARS 

technical justifications for the committee’s conclusions, including references, are presented in 
the chapters that follow. 

Finally, let me thank the members of the Committee on Surface Temperature 
Reconstructions for the Last 2,000 Years. The committee worked tirelessly over the last few 
months to assess the status of this field of research so that the public can see exactly what is 
involved, what we currently know about it, and what the prospects are for improving our 
understanding. We have tried to make clear how this piece of the climate puzzle fits into the 
broader discussions about global climate change. 

Gerald R. North, Chair 

Committee on Surface Temperature Reconstructions for the Last 2,000 Years 
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Summary 


Because widespread, reliable instrumental records are available only for the last 150 
years or so, scientists estimate climatic conditions in the more distant past by analyzing 
evidence from sources such as tree rings, corals, ocean and lake sediments, cave deposits, ice 
cores, boreholes, glaciers, and documentary evidence. For example, records of Alpine glacier 
length, some of which are derived from paintings and other documentary sources, have been 
used to reconstruct the time series of surface temperature variations in south-central Europe for 
the last several centuries. Studying past climates can help us put the 20th century warming into a 
broader context, better understand the climate system, and improve projections of future climate. 

Starting in the late 1990s, scientists began combining proxy evidence from many 
different locations in an effort to estimate surface temperature changes averaged over broad 
geographic regions during the last few hundred to few thousand years. These large-scale surface 
temperature reconstructions have enabled researchers to estimate past temperature variations 
over the Northern Hemisphere or even the entire globe, often with time resolution as fine as 
decades or even individual years. This research, and especially the first of these reconstructions 
published in 1998 and 1999 by Michael Mann, Raymond Bradley, and Malcolm Hughes, 
attracted considerable attention because the authors concluded that the Northern Hemisphere was 
warmer during the late 20th century than at any other time during the past millennium. 
Controversy arose because many people interpreted this result as definitive evidence of 
anthropogenic causes of recent climate change, while others criticized the methodologies and 
data that were used. 

In response to a request from Congress, this committee was assembled by the National 
Research Council to describe and assess the state of scientific efforts to reconstruct surface 
temperature records for the Earth over approximately the last 2,000 years and the implications of 
these efforts for our understanding of global climate change. 

Figure S-1 shows a compilation of large-scale surface temperature reconstructions from 
different research groups, each using its own methodology and selection of proxies, as well as 
the instrumental record (beginning in 1856) of global mean surface temperature. 
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FIGURE S-1 Smoothed reconstructions of large-scale (Northern Hemisphere mean or global mean) 
surface temperature variations from six different research teams are shown along with the instrumental 
record of global mean surface temperature. Each curve portrays a somewhat different history of 
temperature variations, and is subject to a somewhat different set of uncertainties that generally increase 
going backward in time (as indicated by the gray shading). This set of reconstructions conveys a 
qualitatively consistent picture of temperature changes over the last 1,100 years, and especially the last 
400. See Figure 0-5 for details about each curve. 


After considering all of the available evidence, including the curves shown in Figure S-1, 
the committee has reached the following conclusions: 

• The instrumentally measured warming of about 0.6°C during the 20th century is 
also reflected in borehole temperature measurements, the retreat of glaciers, and other 
observational evidence, and can be simulated with climate models. 

• Large-scale surface temperature reconstructions yield a generally consistent picture 
of temperature trends during the preceding millennium, including relatively warm conditions 
centered around A.D. 1000 (identified by some as the “Medieval Warm Period”) and a relatively 
cold period (or “Little Ice Age”) centered around 1700. The existence and extent of a Little Ice 
Age from roughly 1500 to 1850 is supported by a wide variety of evidence including ice cores, 
tree rings, borehole temperatures, glacier length records, and historical documents. Evidence for 
regional warmth during medieval times can be found in a diverse but more limited set of records 
including ice cores, tree rings, marine sediments, and historical sources from Europe and Asia, 
but the exact timing and duration of warm periods may have varied from region to region, and 
the magnitude and geographic extent of the warmth are uncertain. 
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SUMMARY 


• It can be said with a high level of confidence that global mean surface temperature 
was higher during the last few decades of the 20th century than during any comparable period 
during the preceding four centuries. This statement is justified by the consistency of the 
evidence from a wide variety of geographically diverse proxies. 

• Less confidence can be placed in large-scale surface temperature reconstructions for 
the period from A.D. 900 to 1600. Presently available proxy evidence indicates that 
temperatures at many, but not all, individual locations were higher during the past 25 years than 
during any period of comparable length since A.D. 900. The uncertainties associated with 
reconstructing hemispheric mean or global mean temperatures from these data increase 
substantially backward in time through this period and are not yet fully quantified. 

• Very little confidence can be assigned to statements concerning the hemispheric 
mean or global mean surface temperature prior to about A.D. 900 because of sparse data 
coverage and because the uncertainties associated with proxy data and the methods used to 
analyze and combine them are larger than during more recent time periods. 

The main reason that our confidence in large-scale surface temperature reconstructions is 
lower before A.D. 1600 and especially before A.D. 900 is the relative scarcity of precisely dated 
proxy evidence. Other factors limiting our confidence in surface temperature reconstructions 
include the relatively short length of the instrumental record (which is used to calibrate and 
validate the reconstructions); the fact that all proxies are influenced by a variety of climate 
variables; the possibility that the relationship between proxy data and local surface temperatures 
may have varied over time; the lack of agreement as to which methods are most appropriate for 
calibrating and validating large-scale reconstructions and for selecting the proxy data to include; 
and the difficulties associated with constructing a global or hemispheric mean temperature 
estimate using data from a limited number of sites and with varying chronological precision. All 
of these considerations introduce uncertainties that are difficult to quantify. 

Despite these limitations, the committee finds that efforts to reconstruct temperature 
histones for broad geographic regions using multiproxy methods are an important contribution to 
climate research and that these large-scale surface temperature reconstructions contain 
meaningful climatic signals. The individual proxy series used to create these reconstructions 
generally exhibit strong correlations with local environmental conditions, and in most cases there 
is a physical, chemical, or physiological reason why the proxy reflects local temperature 
variations. Our confidence in the results of these reconstructions becomes stronger when 
multiple independent lines of evidence point to the same general result, as in the case of the 
Little Ice Age cooling and the 20th century warming. 

The basic conclusion of Mann et al. (1998, 1999) was that the late 20th century warmth 
in the Northern Hemisphere was unprecedented during at least the last 1,000 years. This 
conclusion has subsequently been supported by an array of evidence that includes both additional 
large-scale surface temperature reconstructions and pronounced changes in a variety of local 
proxy indicators, such as melting on icecaps and the retreat of glaciers around the world, which 
in many cases appear to be unprecedented during at least the last 2,000 years. Not all individual 
proxy records indicate that the recent warmth is unprecedented, although a larger fraction of 
geographically diverse sites experienced exceptional warmth during the late 20th century than 
dunng any other extended period from A.D. 900 onward. 

Based on the analyses presented in the original papers by Mann et al. and this newer 
supporting evidence, the committee finds it plausible that the Northern Hemisphere was warmer 
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during the last few decades of the 20th century than during any comparable period over the 
preceding millennium. The substantial uncertainties currently present in the quantitative 
assessment of large-scale surface temperature changes prior to about A.D, 1600 lower our 
confidence in this conclusion compared to the high level of confidence we place in the Little Ice 
Age cooling and 20th century warming. Even less confidence can be placed in the original 
conclusions by Mann et al. (1999) that “the 1990s are likely the warmest decade, and 1998 the 
warmest year, in at least a millennium” because the uncertainties inherent in temperature 
reconstructions for individual years and decades are larger than those for longer time periods, 
and because not all of the available proxies record temperature information on such short 
timescales. 

Surface temperature reconstructions for periods prior to the industrial era are only one of 
multiple lines of evidence supporting the conclusion that climatic warming is occurring in 
response to human activities, and they are not the primary evidence. 

Surface temperature reconstructions also provide a useftil source of information about the 
variability and sensitivity of the climate system. To within existing uncertainties, climate model 
simulations show that the estimated temperature variations during the two millennia prior to the 
Industrial Revolution can be explained plausibly by estimated variations in solar radiation and 
volcanic activity during the same period. 

Large-scale surface temperature reconstructions have the potential to further improve our 
knowledge of temperature variations over the last 2,000 years, particularly if additional proxy 
evidence can be identified and obtained from areas where the coverage is relatively sparse and 
for time periods before A.D. 1600 and especially before A.D. 900. Furthermore, it would be 
helpful to update proxy records that were collected decades ago, in order to develop more 
reliable calibrations with the instrumental record. Improving access to data used in publications 
would also increase confidence in the results of large-scale surface temperature reconstructions 
both inside and outside the scientific community. New analytical methods, or more careful use 
of existing ones, may also help circumvent some of the existing limitations associated with 
surface temperature reconstructions based on multiple proxies. Finally, because some of the 
most important potential consequences of climate change are linked to changes in regional 
circulation patterns, hurricane activity, and the frequency and intensity of droughts and floods, 
regional and large-scale reconstructions of changes in other climatic variables, such as 
precipitation, over the last 2,000 years would provide a valuable complement to those made for 
temperature. 
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A REPORT TO CHAIRMAN BARTON, HOUSE COMMITTEE ON 
ENERGY AND COMMERCE AND TO CHAIRMAN WHITFIELD, 
HOUSE SUBCOMMITTEE ON OVERSIGHT AND 
INVESTIGATIONS: PALEOCLIMATE RECONSTRUCTION' 


‘ This image is a photograph of a now deceased Bristlecone Pine, a species that is prominent among the 
proxy series used for paleoclimate reconstruction. 
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AD HOC COMMITTEE REPORT ON THE ‘HOCKEY 
STICK’ GLOBAL CLIMATE RECONSTRUCTION^ 

EXECUTIVE SUMMARY 

The Chairman of the Committee on Energy and Commerce as well as the Chairman of 
the Subcommittee on Oversight and Investigations have been interested in an 
independent verification of the critiques of Mann et al. (1998, 1999) [MBH98, MBH99] 
by McIntyre and McKitrick (2003, 2005a, 2005b) [MM03, MM05a, MM05b] as well as 
the related implications in the assessment. The conclusions from MBH98, MBH99 were 
featured in the Intergovernmental Panel on Climate Change report entitled Climate 
Change 2001^: The Scientific Basis. This report concerns the rise in global temperatures, 
specifically during the 1990s. The MBH98 and MBH99 papers are focused on 
paleoclimate temperature reconstruction and conclusions therein focus on what appear to 
be a rapid rise in global temperature during the 1990s when compared with temperatures 
of the previous millennium. These conclusions generated a highly polarized debate over 
the policy implications of MBH98, MBH99 for the nature of global climate change, and 
whether or not anthropogenic actions are the source. This committee, composed of 
Edward J. Wegman (George Mason University), David W. Scott (Rice University), and 
Yasmin H. Said (The Johns Hopkins University), has reviewed the work of both articles, 
as well as a network of journal articles that are related either by authors or subject matter, 
and has come to several conclusions and recommendations. This Ad Hoc Committee has 
worked pro bono, has received no compensation, and has no financial interest in the 
outcome of the report. 

Global Climate Reconstruction Methodology 

MBH98, MBH99 use several indicators to measure global climate change. Primarily, 
these include historical records, tree rings, ice cores, and coral reefs. The width and 
density of tree rings vary with climatic conditions (sunlight, precipitation, temperature, 
humidity, and carbon dioxide and nitrogen oxides availability), soil conditions, tree 
species, tree age, and stored carbohydrates in the trees. However, tree ring density is 
useful in paleoclimatic temperature reconstructions because in mature trees, tree rings 
vary approximately linearly with age. The width and density of tree rings are dependent 
on many confounding factors, making it difficult to isolate the climatic temperature 
signal. It is usually the case that width and density of tree rings are monitored in 
conjunction in order to more accurately use them as climate proxies. 


^ This report was authored by Edward J. Wegman, George Mason University, David W. Scott, Rice 
University, and Yasmin H. Said, The Johns Hopkins University. We would also like to acknowledge the 
contributions of John T. Rigsby, III, Naval Surface Warfare Center, and Denise M. Reeves, MITRE 
Corporation. 

^ The IPCC report Climate Change 2001: Third Assessment Report consists of four sub-reports: 1) Climate 
Change 2001: The Scientific Basis, 2) Climate Change 2001: Impacts, Adaptation, and Vulnerabilities, 3) 
Climate Change 2001: Mitigation, and 4) Climate Change 2001: Synthesis Report. 
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Ice cores are the accumulation of snow and ice over many years that have recrystallized 
and have trapped air bubbles from previous time periods. The composition of these ice 
cores, especially the presence of hydrogen and oxygen isotopes, provides a picture of the 
climate at the time. Because isotopes of water vapor exhibit a lower vapor pressure, when 
the temperature falls, the heavier water molecules will condense faster than the normal 
water molecules. The relative concentrations of the heavier isotopes in the condensate 
indicate the temperature of condensation at the time, allowing for ice cores to be used in 
global temperature reconstruction. In addition to the isotope concentration, the air 
bubbles trapped in the ice cores allow for measurement of the atmospheric concentrations 
of trace gases, including greenhouse gases carbon dioxide, methane, and nitrous oxide. 
The air bubbles may also contain traces of aerosols, which are produced in great 
concentrations during volcanic eruptions. 

Coral is similar to trees in that the growth and density of the coral is dependent upon 
temperature. X-rays of coral cross sections show the relative density and growth over 
time. High density layers of coral are produced during years of high ocean surface 
temperatures. Hence, corals can be calibrated to estimate sea surface temperatures. 

Principal Component Analysis and the CFR and CPS Methodology 

Principal component analysis is a method often used for reducing multidimensional 
datasets to lower dimensions for analysis. In this context, dimensions refer to the number 
of distinct variables. The time series proxy data involved are transformed into their 
principal components, where the first principal component is intended to explain most of 
the variation present in the variables. Each subsequent principal component explains less 
and less of the variation. In the methodology of MBH98/99, the first principal component 
is used in the temperature reconstruction, and also has the highest explained variance. 
This method is intended for dimension reduction. In most datasets, the first principal 
component should be the least smooth (because of the higher variance). However, in 
MBH98, MBH99, the proxy data are incorrectly centered, which inflates the variance of 
certain proxies and selectively chooses those decentered proxies as the temperature 
reconstruction. 

There are several time series models that exist for the purpose of modeling series with 
dependence, including autoregressive, moving averages, autoregressive moving average 
models, and long memory processes. MBH98 and MBH99 focus on simple signal plus 
superimposed noise models for paleoclimate temperature reconstruction. Because of 
complex feedback mechanisms involved in climate dynamics, it is unlikely that the 
temperature records and the data derived from the proxies can be adequately modeled 
with a simple temperature signal with superimposed noise. We believe that there has not 
been a serious investigation to model the underlying process structures nor to model the 
present instrumented temperature record with sophisticated process models. 
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Two principal methods for temperature reconstructions have been used; CFR"^ (climate 
field construction) and CPS (climate-plus-scale). The CFR is essentially a principal 
component analysis and the CPS is a simple averaging of climate proxies, which are then 
scaled to actual temperature records. The controversy of Mann’s methods lies in that the 
proxies are centered on the mean of the period 1902-1995, rather than on the whole time 
period. This mean is, thus, actually decentered low, which will cause it to exhibit a larger 
variance, giving it preference for being selected as the first principal component. The net 
effect of this decentering using the proxy data in MBH98 and MBH99 is to produce a 
“hockey stick” shape. Centering the mean is a critical factor in using the principal 
component methodology properly. It is not clear that Mann and associates realized the 
error in their methodology at the time of publication. Because of the lack of full 
documentation of their data and computer code, we have not been able to reproduce their 
research. We did, however, successftilly recapture similar results to those of MM. This 
recreation supports the critique of the MBH98 methods, as the offset of the mean value 
creates an artificially large deviation from the desired mean value of zero. 

Findings 

In general, we found MBH98 and MBH99 to be somewhat obscure and incomplete and 
the criticisms of MM03/05a/05b to be valid and compelling. We also comment that they 
were attempting to draw attention to the discrepancies in MBH98 and MBH99, and not to 
do paleoclimatic temperature reconstruction. Normally, one would try to select a 
calibration dataset that is representative of the entire dataset. The 1902-1995 data is not 
fiilly appropriate for calibration and leads to a misuse in principal component analysis. 
However, the reasons for setting 1902-1995 as the calibration point presented in the 
narrative of MBH98 sounds reasonable, and the error may be easily overlooked by 
someone not trained in statistical methodology. We note that there is no evidence that Dr. 
Mann or any of the other authors in paleoclimatology studies have had significant 
interactions with mainstream statisticians. 

In our further exploration of the social network of authorships in temperature 
reconstruction, we found that at least 43 authors have direct ties to Dr. Mann by virtue of 
coauthored papers with him. Our findings from this analysis suggest that authors in the 
area of paleoclimate studies are closely connected and thus ‘independent studies’ may not 
be as independent as they might appear on the surface. This committee does not believe 
that web logs are an appropriate forum for the scientific debate on this issue. 

It is important to note the isolation of the paleoclimate community; even though they rely 
heavily on statistical methods they do not seem to be interacting with the statistical 
community. Additionally, we judge that the sharing of research materials, data and results 
was haphazardly and grudgingly done. In this case we judge that there was too much 
reliance on peer review, which was not necessarily independent. Moreover, the work has 
been sufficiently politicized that this community can hardly reassess their public 
positions without losing credibility. Overall, our committee believes that Mann’s 


^ The CFR methodology is essentially the methodology used in the MBH98/99 papers, but the terminology 
was not used until later. 
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assessments that the decade of the 1990s was the hottest decade of the millennium and 
that 1998 was the hottest year of the millennium cannot be supported by his analysis. 
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Recommendations 

Recommendation 1. Especially when massive amounts of public monies and human 
lives are at stake, academic work should have a more intense level of scrutiny and 
review. It is especially the case that authors of policy-related documents like the IPCC 
Climate Change 2001: The Scientific Basis, should not be the same people as 
those that constructed the academic papers. 

Recommendation 2. We believe that federally funded research agencies should develop 
a more comprehensive and concise policy on disclosure. All of us writing this report have 
been federally funded. Our experience with funding agencies has been that they do not in 
general articulate clear guidelines to the investigators as to what must be disclosed. 
Federally funded work including code should be made available to other researchers upon 
reasonable request, especially if the intellectual property has no commercial value. Some 
consideration should be granted to data collectors to have exclusive use of their data for 
one or two years, prior to publication. But data collected under federal support should be 
made publicly available. (As federal agencies such as NASA do routinely.) 

Recommendation 3. With clinical trials for drugs and devices to be approved for human 
use by the FDA, review and consultation with statisticians is expected. Indeed, it is 
standard practice to include statisticians in the application-for-approval process. We 
judge this to be a good policy when public health and also when substantial amounts of 
monies are involved, for example, when there are major policy decisions to be made 
based on statistical assessments. In such cases, evaluation by statisticians should be 
standard practice. This evaluation phase should be a mandatory part of all grant 
applications and funded accordingly. 

Recommendation 4. Emphasis should be placed on the Federal funding of research 
related to fundamental understanding of the mechanisms of climate change. Funding 
should focus on interdisciplinary teams and avoid narrowly focused discipline research. 
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1. INTRODUCTION 

Global warming is an issue that has gathered much public, legislative, national and 
international attention. Uncertainty about magnitude and consequences of global 
warming has caused considerable friction among governments and among their citizens. 
The Intergovernmental Panel on Climate Change (IPCC) report (Intergovernmental Panel 
on Climate Change, 2001) entitled. Climate Change 2001: Third Assessment Report, 
featured alarming statistics concerning the rapid rise in global temperatures during the 
decade of the 1990s and suggested that this rapid rise was due principally to 
anthropogenicly generated greenhouse gas emissions, specifically carbon dioxide. This 
document was taken to be a strong justification for the Kyoto Accord. Featured 
prominently in the IPCC report was the work of Dr. Michael Mann, Dr. Raymond 
Bradley, and Dr. Malcolm Hughes (Mann et al., 1998, 1999) [MBH98, MBH99]. These 
papers featured temperature reconstructions going back as far as 1000 years. The 
methodology found in Mann et al. employed a statistical technique known as principal 
components analysis (PC A). Challenges to the way in which PCA was used have arisen 
from McIntyre and McKitrick (2003, 2005a, 2005b) [MM03, MM05a, MM05b]. The 
challenges are based on rather subtle mathematical nuances. The discussion and 
evaluation of the use of PCA to some extent has degenerated in to the battle of competing 
web blogs: http://www.climateaudit.org, http://www.ctimate2003.org, and 

http://www.realclimate.org. 

The Chairman of the House Committee on Energy and Commerce along with Chairman 
of the Subcommittee of Oversight and Investigations have been interested in discovering 
whether or not the criticisms of Mann et al. are valid and if so, what are the implications. 
To this end. Committee staff asked for advice as to the validity of the complaints of 
McIntyre and McKitrick [MM] and related implications. Dr. Wegman formed an ad hoc 
Committee (Drs. Edward J. Wegman - George Mason University, David W. Scott - Rice 
University, and Yasmin H. Said - The Johns Hopkins University). The Committee was 
organized with our own initiative as a pro bono committee. 

We have attempted to address several broad issues. We have sought to reproduce the 
results of MM in order to determine whether their criticisms are valid and have merit. We 
will also comment on whether issues raised by those criticisms discussed in McIntyre and 
McKitrick (2005a, 2005b) raise broader questions concerning the assessment of Mann et 
al. (1998, 1999) in peer review and the IPCC and whether such science assessments 
involving work of a statistical nature require some type of strengthening to provide 
reliable guidance for policy makers. 

Prior to the work of our committee and independently of our committee. Chairman 
Barton and Chairman Whitfield wrote letters to Drs. Michael Mann, Raymond Bradley, 
and Malcolm Hughes as well as to the Intergovernmental Panel on Climate Change and 
the National Science Foundation. All three of the authors responded, but as lead author 
Dr. Mann’s responses were most extensive. Dr. Mann’s responses had something of a 
confrontational tone. No member of our Committee participated in the design or structure 
of the questions to Dr. Mann. However, based on his responses and the extensive 
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literature we have reviewed, we will also attempt to address some of our findings 
explicitly to issues raised by the questions to Dr, Mann and his responses. The specific 
questions of Chairman Barton and Chairman Whitfield are listed below. 

Requests to Drs. Mann, Bradley and Hughes. 

Provide: 

1. Your curriculum vitue^ including, but not limited to, a list of all studies relating to 
climate change research for which you were an author or co-author and the source 
of funding for these studies. 

2. List of all financial support you have received related to your research, including, 
but not limited to, all private, state, and federal assistance, grants, contracts 
(including subgrants or subcontracts), or other financial awards or honoraria. 

3. Regarding all such work involving federal grants or funding support under which 
you were a recipient of funding or principal investigator, provide all agreements 
relating to the underlying grants or funding, including, but not limited to, any 
provisions, adjustments, or exceptions made in the agreements relating to the 
dissemination and sharing of research results. 

4. Provide the location of all data archives relating to each published study for which 
you were an author or co-author and indicate: (a) whether this information 
contains all the specific data you used and calculations you performed, including 
such supporting documentation as computer source code, validation information, 
and other ancillary information, necessary for full evaluation and application of 
the data, particularly for another party to replicate your research results; (b) when 
this information was available to researchers; (c) where and when you first 
identified the location of this information; (d) what modifications, if any, you 
have made to this information since publication of the respective study, and (e) if 
necessary information is not fully available, provide a detailed narrative 
description of the steps somebody must take to acquire the necessary information 
to replicate your study results or assess the quality of the proxy data you used. 

5. According to the Wall Street Journal^ you have declined to release the exact 
computer code you used to generate your results, (a) Is this correct? (b) What 
policy on sharing research and methods do you follow? (c) What is the source of 
this policy? (d) Provide this exact computer code used to generate your results. 

6. Regarding study data and related information that is not publicly archived, what 
requests have you or your co-authors received for data relating to the climate 
change studies, what was your response, and why? 

7. The authors McIntyre and McKitrick {Energy & Environment, Vol. 16, No. 1, 
2005) report a number of errors and omissions in Mann et al, 1998. Provide a 
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detailed narrative explanation of these alleged errors and how these may affect the 
underlying conclusions of the work, including, but not limited to answers to the 
following questions: 

a. Did you run calculations without the bristlecone pine series referenced in 
the article and, if so, what was the result? 

b. Did you or your co-authors calculate temperature reconstructions using the 
referenced “archived Gaspe tree ring data,” and what were the results? 

c. Did you calculate the R2 statistic for the temperature reconstruction, 
particularly for the 15* Century proxy record calculations and what were 
the results? 

d. What validation statistics did you calculate for the reconstruction prior to 
1820, and what were the results? 

e. How did you choose particular proxies and proxy series? 

8. Explain in detail your work for and on behalf of the Intergovernmental Panel on 
Climate Change, including, but not limited to: (a) your role in the Third 
Assessment Report [TAR]; (b) the process for review of studies and other 
information, including the dates of key meetings, upon which you worked during 
the TAR writing and review process; (c) the steps taken by you, reviewers, and 
lead authors to ensure the data underlying the studies forming a basis for key 
findings of the report were sound and accurate; (d) requests you received for 
revisions to your written contributions; and (e) the identity of the people who 
wrote and reviewed the historical temperature-record portions of the report, 
particularly Section 2.3, “Is the Recent Warming Unusual?” 
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2. BACKGROUND 

2.1 Background on Paleoclimate Temperature Reconstruction 

Paleoclimatology focuses on climate, principally temperature, prior to the era when 
instrumentation was available to measure climate artifacts. Many natural phenomena are 
climate dependent and, where records are still available, these phenomena may be used as 
proxies to extract a temperature signal. Of course the proxy signals are extremely noisy 
and thus temperature reconstruction becomes more problematic as one attempts 
reconstructions further back in time. Climate is not solely a matter of (global) 
temperature, although concerns with the effects of global warming focus primarily on 
temperature reconstructions. As just suggested, temperature reconstruction is based on 
proxy signals contained in the historical records of climate dependent natural phenomena. 
Table 1 based on Bradley (1999) illustrates the wide variety of these natural phenomena 
that may be used as proxies. Some proxies measure very low frequency (slowly varying) 
climatic variables and thus are not useful for measuring average annual temperature 
changes. Table 2 found in Bradley (1999), which was reproduced from Bradley and Eddy 
(1991) summarizes a variety of proxies and also indicates their minimum sampling 
interval as well as the range of years for which they could reasonably be used for 
temperature reconstruction. The high frequency proxies that could be used on an annual 
basis include tree rings, ice cores, and corals. In addition to seizing as temperature 
proxies, these measurements are proxies for other climatic variables including, for 
example, precipitation, chemical composition of air and water, and solar activity. 
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1. Glaciological (ice cores) 

a. Geochemistry (ions and isotopes of oxygen and hydrogen) 

b. Gas content in air bubbles 

c. Trace element and microparticle concentrations 

d. Physical properties (e.g,, ice fabric) 

2. Geological 

a. Marine (ocean sediment cores) 

i. Biogenic sediments 

1 . oxygen isotopic composition 

2. faunal and floral abundance 

3. morphological variations 

4. alkenones (from diatoms) 

ii. Inorganic sediments 

1 . terrestrial (aeolian) dust and ice-rafted debris 

2. clay mineralogy 

b. Terrestrial 

i. Glacial deposits and features of glacial erosion 

ii. Preglacial features 

iii. Shorelines (Eustatic and glacio-eustatic features) 

iv. Aeolian deposits (loess and sand dunes) 

V. Lacustrine sediments and erosionial features (shorelines) 

vi. Pedological features 

vii. Speleothrems (age and stable isotope composition) 

3. Biological 

a. Tree rings (width, density, stable isotope composition) 

b. Pollen (type, relative abundance, an/or absolute concentration) 

c. Plant macrofossils (age and distribution) 

d. Insects (assemblage characteristics) 

e. Corals (geochemistry) 

f. Diatoms, ostracods, and other biota in lake sediments (assemblages, 
abundance, and/or geochemistry) 

g. Modem population distribution (refugia and relict populations in plants 
and animals) 

4. Historical 

a. Written records of environmental indicators (parameteorlogical 
phenomena) 

b. Phonological records 


Table 1: Principal Sources of Proxy Data for Paleoclimatic Reconstructions 
After Bradley (1999) 


II 






468 


Archive 

Minimum 

Temporal 

Potential 


Sampling 

Range 

Information 


Interval 

(orcler:yr) 

Derived 

Historical records 

day/hr 

--10^ 

T, P, B, V, M, L, S 

Tree rings 

yr/season 

~10^ 

T, P, B, V, M, S, Ca 

Lake sediments 

yr to 20 yr 


T, B, M, P, V, Cw 

Corals 

yr 

~10^ 

Cw, L, T, P 

Ice cores 

yr 

~5 X lO"* 

T, P, Ca, B, V, M, S 

Pollen 

20 yr 

~10* 

T,P,B 

Speleothems 

100 yr 

~5 X 10^ 

Cw, T, P 

Paleosols 

100 yr 

~10* 

T, P,B 

Loess 

100 yr 

~10* 

P,B,M 

Geomorphic features 

100 yr 

~10‘ 

T, P, V, L, P 

Marine sediments 

500 yr 

~10’ 

T, Cw, B, M, L, P 


Table 2; Characteristics of Natural Archives 


T = temperature 

P = precipitation, humidity, water balance 

C = chemical composition of air (Ca) or water (Cw) 

B = information on biomass and vegetation patterns 

V = volcanic eruptions 

M = geomagnetic field variations 

L = sea level 

S = solar activity 


After Bradley and Eddy (1991) 
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Tree Rings - A cross section of a temperate forest tree shows variation of lighter and 
darker bands that are usually continuous around the circumference of the tree. These 
bands are the so-called tree rings and are due to seasonal effects. Each tree ring is 
composed of large thin-walled cells called early wood and smaller more densely packed 
thick walled cells called late wood. The average width of a tree ring is a function of many 
variables including the tree species, tree age, stored carbohydrates in the tree, nutrients in 
the soil, and climatic factors including sunlight, precipitation, temperature, wind speed, 
humidity, and even carbon dioxide availability in the atmosphere. Obviously there are 
many confounding factors so the problem is to extract the temperature signal and to 
distinguish the temperature signal from the noise caused by the many confounding 
factors. Temperature information is usually derived from interannual variations in the 
ring width as well as interannual and intra-annual density variations. Density variations 
are valuable in paleoclimatic temperature reconstructions because they have a relatively 
simple growth function that, in mature trees, is approximately linear with age. The 
density variations have been shown empirically to contain a strong climatic temperature 
signal. Two values of density are measured within each growth ring: minimum density 
representing early wood and maximum density representing late wood. Maximum density 
values are strongly correlated with April to August mean temperatures in trees across the 
boreal forest from Alaska to Labrador, Schweingruber et al., (1993). Both tree ring width 
and density data are used in combination to extract the maximal climatic temperature 
signal. 

Climate signal is strongest in trees that are under stress. Trees growing in sites where 
climate does not limit growth tend to produce rings that are uniform. Trees that are 
growing close to their extreme ecological range are greatly influenced by climate. 
Climate variations strongly influence annual growth increments. Two types of stress are 
commonly recognized, moisture stress and temperature stress. Trees growing in semiarid 
regions are limited by water availability and thus variations in ring width reflect this 
climatic moisture signal. Trees growing near to their ecological limits either in terms of 
latitude or altitude show growth limitations imposed by temperature and thus ring width 
variations in such trees contain a relatively strong temperature signal. However, the 
biological processes are extremely complex so that very different combinations of 
climatic conditions may cause similar ring width increments. Tree growth and 
carbohydrate production by a tree in one year will precondition the tree for strong growth 
in the subsequent year so that there is a strong autocorrelation in the ring width time 
series. Photosynthetic processes are accelerated with the increased availability of carbon 
dioxide in the atmosphere and, hence, it is conjectured that ring growth would also be 
correlated with atmospheric carbon dioxide; see Graybill and Idso (1993). In addition, 
oxides of nitrogen are formed in internal combustion engines that can be deposited as 
nitrates also contributing to fertilization of plant materials. It is clear that while there are 
temperature signals in the tree rings, the temperature signals are confounded with many 
other factors including fertilization effects due to use of fossil fuels. 

Wider rings are frequently produced during the early life of a tree. Thus the tree rings 
frequently contain a low frequency signal that is unrelated to climate or, at least, 
confounded with climatic effects such as temperature. In order to use tree rings as a 
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temperature signal successfully, this low frequency component must be removed. This is 
typically done by a nonlinear parametric trend fit using a polynomial or modified 
exponential curve. Because the early history of tree rings confounds climatic signal with 
low frequency specimen specific signal, tree rings are not usually effective for accurately 
determining low frequency, longer-term effects. Once there is reasonable confidence that 
the tree ring signal reflects a temperature signal, and then a calibration is performed using 
the derived tree ring data and instrumented temperature data. The assumption in this 
inference is that when tree ring structure observed during the instrumented period that is 
similar to tree ring structure observed in the past, both will have correspondingly similar 
temperature profiles. As pointed out earlier, many different sets of climatic conditions 
can and do yield similar tree ring profiles. Thus tree ring proxy data alone is not 
sufficient to determine past climate variables. See Bradley (1999) for a discussion of the 
fitting and calibration process for dendritic-based temperature reconstruction. 

Ice Cores - The accumulated past snowfall in the polar caps and ice sheets provide a 
very useful record for paleoclimate reconstruction. We shall refer to ice cores in this 
section even though strictly speaking there is a combination of snow and ice. Somewhat 
compressed old snow is called a fim. The transition from snow to fim to ice occurs as the 
weight of overlying material causes the snow crystals to compress, deform and 
recrystalize in more compact form. As fim is buried beneath subsequent snowfalls, 
density is increased as air spaces are compressed due to mechanical packing as well as 
plastic deformation. Interconnected air passages may then be sealed and appear as 
individual air bubbles. At this point the fim becomes ice. Paleoclimatic information 
derived from ice cores is obtained from four principal mechanisms: 1) analysis of stable 
isotopes of water and atmospheric oxygen; 2) analysis of other gases in the air bubbles in 
the ice; 3) analysis of dissolved and particulate matter in the firn and ice; and 4) analysis 
of other physical properties such as thickness of the fim and ice. 

The mechanism by which stable isotopes of oxygen and hydrogen carry a temperature 
signal is as follows. An oxygen atom can exist in three stable forms with atomic weights 
of 16, 17 or 18. Oxygen with an atomic weight of 16 makes up 99.76% of all oxygen 
atoms. Similarly, hydrogen can exist in two stable forms with atomic weights of one or 
two, the latter being called deuterium. Hydrogen with atomic weight of one comprises 
99.984% of all hydrogen. Thus water molecules can exist in several heavy forms when 
compared with normal water, which is made up of two atomic-weight- 1 hydrogen atoms 
and one atomic-weight- 16 oxygen atom. The vapor pressure of normal water is higher 
than the heavier forms of water with evaporation resulting in a vapor that is relatively 
speaking poor in the heavier forms of water. Conversely, the remaining water will be 
enriched in water containing the heavier isotopes. When condensation occurs, the lower 
vapor pressure of water containing the heavier isotopes will cause that water to condense 
more rapidly than normal water. The greater the fall in temperature, the more 
condensation will occur; hence, the water vapor will exhibit less heavy isotope 
concentration when compared to the original (sea) water. Thus the relative isotope 
concentrations in the condensate will be a direct indicator of the temperature at which 
condensation occurred. 
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In addition to the relative heavy/light isotope ratios, the trapped bubbles in ice cores 
provide a record of atmospheric concentrations of trace gases including greenhouse gases 
such as carbon dioxide, methane and nitrous oxide. In addition the ice cores contain 
record of aerosols and dust content resulting from volcanic eruptions and other changes 
in particulate content in the atmosphere. The relative atmospheric concentrations of 
greenhouse gases as well as aerosol and particulate content coupled with other climate 
information gives insight into both the importance of these as drivers of temperature as 
well as how these drivers might couple in either a positive or negative feedback sense. 

Corals - The term “coral” refers to the biological order Scleractinia, which have hard 
calcium-based skeletons supporting softer tissues. An important subgroup for 
paleoclimate studies is the reef-building corals in which the coral polyp lives 
symbiotically with single-celled algae. These algae produce carbohydrates by means of 
photosynthesis and are affected by water depth, water turbidity, and cloudiness. Much of 
the carbohydrates diffuse away from the algae providing food to the coral polyp, which in 
turn provide a protective environment for the algae. Reef-building corals are strongly 
affected by temperature and, as temperature drops, the rate of calcification drops with 
lower temperature potentially presaging the death of the colony. Coral growth rates vary 
over a year and can be sectioned and x-rayed to reveal high- and low-density bands. High 
density layers are produced during times of higher sea surface temperatures. Thus not 
unlike tree rings, data on corals also can be calibrated to estimate (sea) surface 
temperatures. 

2,2 Background on Principal Components 
Principal Components 

Principal Component Analysis (PCA) is a method for reducing the dimension of a high 
dimensional data set while preserving most of the information in those data. Dimension is 
here taken to mean the number of distinct variables (proxies). In the context of 
paleoclimatology, the proxy variables are the high dimensional data set consisting of 
several time series that are intended to carry the temperature signal. The proxy data set in 
general will have a large number of interrelated or correlated variables. Principal 
component analysis tries to reduce the dimensionality of this data set while also trying to 
explain the variation present as much as possible. To achieve this, the original set of 
variables is transformed into a new set of variables, called the principal components (PC) 
that are uncorrelated and arranged in the order of decreasing “explained variance.” It is 
hoped that the first several PCs explain most of the variation that was present in the many 
original variables. The idea is that if most of the variation is explained by the first several 
principal components, then the remaining principal components may be ignored for all 
practical purposes and the dimension of the data set is effectively reduced. 

Noise, White and Red 

In a statistical signal processing sense, noise is defined to be unknown external factors or 
fluctuations in signals. Noise is typically modeled as what are called random innovations. 
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random meaning not predictable. Signals of interest may be actual audio signals, signals 
in the electromagnetic spectrum, or a known ftinction to which simple statistical noise has 
been added. In the paleoclimatology context, noise is the unpredictable portion of the 
climate signal caused by random variations in the factors related to tree ring growth, ice 
core development, or coral growth. Noise is often thought of in terms of periodic 
variation. There are many types of noise with varying frequencies, each classified by a 
color. The color names for these different types of sounds are derived from an analogy 
between the spectrum of frequencies and the equivalent spectrum of light wave 
frequencies. That is, if the pattern of ‘blue noise’ were translated into light waves, the 
resulting light would be blue. 

White noise, has equal power density across the entire frequency spectrum, that is, it has 
constant energy at all frequencies, ^^4len this is graphically represented, white noise has a 
flat power spectral density. In a practical example, white noise is what is used to refer to 
that steady, even soothing sound produced when tuning in to an unused radio or TV 
frequency. White noise has an equal amount of energy per frequency band in contrast to 
pink noise, which has an equal amount of energy per octave. Pink noise has a frequency 
spectrum that is flat in logarithmic space. The power density of pink noise, compared 
with white noise, decreases by 3 dB (decibels) per octave. It is said that pink noise is the 
most soothing sound to the human ear. Pink noise has the same frequency distribution as 
falling rain. 

Red noise is similar to pink noise, but it has relatively more energy at lower frequencies 
than pink noise. Red noise has a power density that decreases 6 dB per octave as the 
frequency increases. Of course, red noise was named after a connection with red light, 
which is on the low end of the visible light spectrum. Mathematically speaking, 
integrating white noise produces red noise. Red noise in the paleoclimatology context 
comes from the fact that tree rings have correlation from year to year, that is, if a tree 
grows well in a given year, it will store carbohydrates and will tend to have a good year 
of growth the following year as well. Red noise in the paleoclimatology context is 
modeled by a first-order autoregressive model. 

Autoregressive, Moving Average and ARMA Models 

Autoregressive, moving averages, and ARMA models are statistical time series models. 
An autoregressive model of order p means that the present value of the time series 
depends only on the p most recent past values of the time series. The dependence is taken 
to be linear. Ifp = 1, then we say that the process is a first order autoregressive process as 
indicated for the red noise model above. A moving average process of order q is formed 
by taking a weighted average of q uncorrelated white noise terms, that is, zero mean 
constant variance terms. The moving average means that the next value of the moving 
average process drops off the oldest term from the average and adds a new term. 
Autoregressive moving average (ARMA) models, sometimes called Box-Jenkins models, 
are also used to model time series data. These models are used for understanding and 
predicting future values in the series. There are two parts to the ARMA model, an 
autoregressive (AR) part and a moving average (MA) part. 
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Gaussian Noise and Long Memory Processes 

Although we have not specified the probability distribution of the random innovations, it 
is often the case that a normal or Gaussian probability distribution is appropriate to model 
noise or what we have called random innovations. The basic paleoclimatology model is 
taken to be a trend with superimposed white or red noise usually with a Gaussian 
distribution. The Gaussian distribution assumption is a convenient one mathematically. 
Random (or stochastic) processes whose autocorrelation function, decaying as a power 
law, sums to infinity are known as long range correlations or long range dependent 
processes. Because the decay is slow, as opposed to exponential decay, these processes 
are said to have long memory. Applications exhibiting long-range dependence include 
Ethernet traffic, financial time series, geophysical time series such as variation in 
temperature, and amplitude and frequency variation in EEG signals. Fractional Brownian 
motion is a self-similar Gaussian process with long memory. The Box- Jenkins ARMA 
models described in the previous section are all short-term memory processes. 

In reality, temperature records and hence data derived from proxies are not modeled 
accurately by a trend with superimposed noise that is either red or white. There are 
complex feedback mechanisms and nonlinear effects that almost certainly cannot be 
modeled in any detail by a simple trend plus noise. These underlying process structures 
appear to have not been seriously investigated in the paleoclimate temperature 
reconstruction literature. Cohn and Lin (2005) make the case that much of natural time 
series, in their case hydrological time series, might be modeled more accurately by a long 
memory process. Long memory processes are stationary processes, but the corresponding 
time series often make extended sojourns away from the stationary mean value and, 
hence, mimic trends such as the perceived hockey stick phenomena. 

One type of such long memory processes is a process driven by fractional Gaussian noise 
(fractional Brownian motion). An object with self-similarity is exactly or approximately 
similar to a part of itself For example, many coastlines in the real world are self-similar 
since parts of them show the same properties at many scales. Self-similarity is a common 
property of many fractals, as is the case with fractional Brownian motion. A serious effort 
to model even the present instrumented temperature record with sophisticated process 
models does not appear to have taken place. 

2.3 Background on Social Networks 

Networks, Relations and Structure 

A social network is a mathematical structure made of nodes, which are generally taken to 
represent individuals or organizations. A network graph illustrates how the nodes are 
connected. Social network analysis (also called network theory) has emerged as a key 
technique and a topic of study in modem sociology, anthropology, social psychology and 
organizational theory. Research has demonstrated that social networks, operating on 
many levels, from families up to the level of nations, play a critical role in determining 
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the way problems are solved, organizations are run, and the degree to which individuals 
succeed in achieving their goals. The shape of the social network helps determine a 
network’s usefulness to its individuals. Smaller, tighter networks can be less useful to 
their members than networks with lots of loose connections (weak ties) to individuals 
outside the main network. More “open” networks, with many weak ties and social 
connections, are more likely to introduce new ideas and opportunities to their members 
than closed networks with many redundant ties. In other words, a group of friends who 
only do things with each other already share the same knowledge and opportunities. Yet a 
group of individuals with connections to other social worlds is likely to have access to a 
wider range of information. It is better for individual success to have connections to a 
variety of networks rather than many connections within a single network. Similarly, 
individuals can exercise influence or act as brokers within their social networks by 
bridging two networks that are not directly linked (called filling social holes). 

Networks operate anywhere that energy and information are exchanged; between neurons 
and cells, computers and people, genes and proteins, atoms and atoms, and people and 
people. Social theories are built on more than just metaphors. Social network analysis 
assumes that interpersonal ties matter, whether they exist among individuals, 
organizations or countries. Interpersonal connections matter because they are conduits for 
the transmission of information, goods, behavior and attitudes. Ties and connections form 
networks, which can be analyzed. The main goal of social network analysis is the 
detection and interpretation of patterns of social ties among people, nations, or 
organizations involved in social relationships. 

There are several key concepts at the heart of network analysis. We outline these 
concepts next and then define a social network. 

Actor: Social network analysis is concerned with understanding the linkages among 
social entities and the implications of these linkages. The social entities are referred to as 
actors. Actors do not necessarily have the desire or the ability to act. Most social network 
applications consider a collection of actors that are all of the same type. These are known 
as one-mode networks. 

Relational Tie: Social ties link actors to one another. The range and type of social ties 
can be quite extensive. A tie establishes a linkage between a pair of actors. Examples of 
ties include the evaluation of one person by another (such as expressed friendship, liking, 
respect), transfer of material resources (such as business transactions, lending or 
borrowing things), association or affiliation (such as jointly attending the same social 
event or belonging to the same social club), behavioral interaction (talking together, 
sending messages), movement between places or statues (migration, social or physical 
mobility), physical connection (a road, river, bridge connecting two points), formal 
relations such as authority and biological relationships such as kinship or descent. 

Dyad: A linkage or relationship establishes a tie at the most basic level between a pair of 
actors. The tie is an inherent property of the pair. Many kinds of network analysis are 


18 



475 


concerned with understanding ties among pairs and are based on the dyad as the unit of 
analysis. 

Triad: The analysis of a subset of three actors (a triad) and the possible ties among them 
is motivated and informed by balance theory. Balance theory asks whether or not a triad 
is transitive or balanced. A transitive triad is characterized by transitive relations such as 
if actor i likes actor j, and actor j likes actor k, then actor i also likes actor k. A balanced 
triad means that if actors i and j like each other, then i and j should have similar 
evaluations of a third actor, whereas if they dislike each other then they are expected to 
differ in their evaluations. 

Subgroup: Dyads are pairs of actors and associated ties, triads are triples of actors and 
associated ties. We can define a subgroup of actors as any subset among actors with 
associated ties. Locating and studying these subgroups using specific criteria is one of the 
primary objectives of social network analysis. 

Group: Network analysis is not only concerned with collections of dyads, triads, or 
subgroups. Social network analysis has the ability to model the relationships among 
systems of actors. A group is a collection of actors on which ties are measured. 

Relation: The collection of ties of a specific kind among members of a group is called a 
relation, for example, the set of friendships among pairs of children in a classroom or the 
set of formal diplomatic ties maintained by pairs of nations in the world. A relation refers 
to the collection of ties of a given kind measured on pairs of actors from a specified actor 
set. 

Social Network: We are now in a position to define a social network. A social network 
consists of a finite set or sets of actors and the relation or relations defined on them. The 
presence of relational information is a significant feature of a social network. 

Computational Facets of Social Network Analysis 

The main goal of social network analysis is the detection and interpretation of patterns of 
social ties among actors. Social network analysis may be viewed as a broadening or 
generalization of standard data analytic techniques and applied statistics that focus on 
observational units and their characteristics. Complex network data sets may contain 
information about the characteristics of the actors (such as the gender of people in a 
group or the GNP of nations of the world) as well as structural variables. Network 
problems naturally give rise to graphs. The structural and compositional variables 
necessary for social network analysis often result in complicated data sets that must be 
modeled with sophisticated graph theoretic, algebraic and statistical methods. The 
underlying mathematical frameworks used to build social network models are called 
graphs. A graph is a discrete structure consisting of vertices (nodes) and edges (links), 
where the vertices correspond to the objects, and the edges to the relations of the structure 
to be modeled. 
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A network consists of a graph and additional information on the vertices or lines of the 
graphs. Names of people or businesses or countries represent additional information on 
vertices. Line values are numbers for arcs and edges that indicate the strength of 
relationships between actors. This flexible definition allows a wide variety of empirical 
phenomena to be modeled as networks. 

Properties of vertices are used to find and interpret patterns of ties in a network. Social 
networks are often complicated and may be large. Partitions are used to reduce a network 
so that different facets can be studied. 

• Partitions - A partition of a network is a classification or clustering of the vertices 
in the network so that each vertex is assigned to exactly one class or cluster. 
Partitions may specify some property that depends on attributes of the vertices. 
Partitions divide the vertices of a network into a number of mutually exclusive 
subsets. That is, a partition splits a network into parts. We can produce a local 
view defined by a selected class of vertices that consists of all of the structural ties 
between nodes in the selected class of vertices. Partitions are also sometimes 
called blocks or blockmodels. These are essentially a way to cluster actors 
together in groups that behave in a similar way. 

• Allegiance - Allegiance measures the support that an actor provides for the 
structure of his block. An actor supports his block by having internal block edges. 
A measure of this is the total number of edges that an actor has internal to his 
block. An actor supports his block by not having external edges from the block to 
other actors or blocks. A measure of this is the total number of possible external 
edges minus the total number of existing external edges. The allegiance for a 
block is a weighted sum of a measure of internal allegiance and a measure of 
external allegiance. The overall allegiance for a social network is the sum of the 
allegiances for the individual blocks. If the overall allegiance is positive then a 
good partition was made. The partitioning continues recursively until a new 
partition no longer contributes to a positive allegiance. 

• Global View - We may want a global view of a network that allows us to study 
relationships among classes. 

• Cohesion - Solidarity, shared norms, identity, collective behavior, and social 
cohesion are considered to emerge from social relations. The first concern of 
social analysis is to investigate who is related and who is not. The general 
hypothesis assumes that people who match on social characteristics will interact 
more often and people who interact regularly will foster a common attitude or 
identity. Social networks usually contain dense pockets of people who stick 
together. They are called cohesive subgroups and usually more than interaction 
joins the people involved. People who interact intensively are likely to consider 
themselves as a social group. This phenomenon is known as homophily: “birds of 
a feather flock together”. There are several techniques that detect cohesive 
subgroups in social networks. All of these techniques are based on the ways in 
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which the vertices are interconnected. These techniques are used to investigate 
whether a cohesive group represents an emergent or established social group. 
Social cohesion is used to describe structural concepts of density and 
connectedness. Density refers to the number of links between vertices. A network 
is strongly connected if it contains paths between all of its vertices and is weakly 
connected when semi-paths connect all of its vertices. Connected networks and 
networks with high average degree are thought to be more cohesive. There are 
several techniques to detect cohesive subgroups based on density and 
connectedness. 

• Affiliations - Membership in an organization or participation in an event is a 
source of social ties. An affiliation is a relationship between people and an 
organization. Affiliations are often institutional or structural and tend to be less 
personal as they result from private choices to a lesser degree than sentiments and 
friendship. 

• Brokerage - Social relations can be considered to be channels that transport 
information, services, or goods between people or organizations. From a bird’s 
eye view, social structure helps to explain how information, goods or even 
attitudes and behavior diffuses within a social system. Network analysis reveals 
social structure and helps to trace the routes that goods and information may 
follow. Some social structures permit rapid diffusion of information, whereas 
others contain sections that are difficult to reach. We can also focus on the 
position of specific people or organizations within the network. In general, being 
well connected is advantageous. Contacts are necessary to have access to 
information and help. The number and intensity of a person’s ties are called his or 
her sociability or social capital. Social capital is known to correlate positively to 
age and education in Western societies. Some people occupy central or strategic 
positions within the system of channels and are crucial for the transmission 
process. Some positions may exert pressure on their occupants, but they also yield 
power and profit. The direction of ties is not very important in social network 
structures that capture the exchange of information. 

• Centrality - This is one of the oldest concepts in network analysis. Most social 
networks contain people or organizations that are central. Because of their 
position, they have better access to information, and better opportunity to spread 
information. This is known as the ego-centered-approach to centrality. The 
network is centralized from socio-centered perspective. The notion of centrality 
refers to the positions of individual vertices within the network, while 
centralization is used to characterize an entire network. A network is highly 
centralized if there is a clear boundary between the center and the periphery. In a 
highly centralized network, information spreads easily, but the center is 
indispensable for the transmission of information. 

There are several ways to measure the centrality of vertices and the centralization of 

networks. The concepts of vertex centrality and network centralization are best 
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understood by considering undirected communication networks. If social relations are 
channels that transmit information between people, central people are those people who 
have access to information circulating in the network or who may control the circulation 
of information. 

The accessibility of information is linked to the concept of distance. If you are closer to 
the other people in the network, the paths that information has to follow to reach you are 
shorter, so it is easier for you to acquire information. If we take into account direct 
neighbors only, the number of neighbors (the degree of a vertex in a simple undirected 
network) is a simple measure of centrality. If we also want to consider other indirect 
contacts, we use closeness centrality, which measures our distance to all other vertices in 
the network. The closeness centrality of a vertex is higher if the total distance to all other 
vertices is shorter. 

The importance of a vertex to the circulation of information is captured by the concept of 
betweenness centrality. From this perspective, a person is central if he or she is a link in 
more information chains between other people in the network. High betweenness 
centrality indicates that a person is an important intermediary in the communication 
network. Information chains are represented by geodesics and the betweenness centrality 
of a vertex is simply the proportion of geodesics between other pairs of vertices that 
include the vertex. The centralization of a network is higher if it contains very central 
vertices as well as very peripheral vertices. 
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3. LITERATURE REVIEW OF GLOBAL CLIMATE CHANGE RESEARCH 
Michael Mann Dissertation and Related Work 

In his 1998 dissertation, Michael Mann used instrumental data and multi-proxy datasets 
to observe climate variability over the past few centuries. He also used a simplified 
coupled ocean-atmosphere model to describe mechanisms that may contribute to the 
climate variability. In his dissertation, Dr. Mann described a 70 to 100 year oscillation in 
the climate signal formed by the proxy and instrumental data. He notes that this century- 
scale variation in the climate involves a combination of meridional overturning (the 
circulation of cold water in the ocean) and gyre-scale circulation. 

After being awarded his doctorate, Dr. Mann, together with his colleagues Dr. Bradley 
and Dr. Hughes, continued multi-proxy reconstruction research with his 1998 paper, 
Global-Scale Temperature Patterns and Climate Forcing over the Past Six Centuries, 
[MBH98]. In this paper, he attempts to use PC A to find an eigenbasis (a new coordinate 
system where the axes are the eigenvectors, or principal components that represent the 
significant relationships in the data) for the multi-proxy data series for the period 1610- 
1995. He also uses a multivariate regression method to observe possible forcing agents, 
or contributors to warming. Dr. Mann uses linear relationships between possible forcing 
agents (greenhouse gases, solar irradiance and volcanic aerosols) and climate in previous 
studies by R.S. Bradley and T.J. Crowley as a basis for regression analysis. He reports 
that the results are a large spike in greenhouse gas forcing in the 20* century. 
Additionally, he notes that 1995 and 1997 were likely the hottest years since 1400 AD 
within a 99.7% level of certainty. 

In 1999, Dr. Mann and colleagues supplemented MBH98 by a new paper. Northern 
Hemisphere Temperatures during the Past Millennium: Inferences, Uncertainties, and 
Limitations MBH99. In this work they used similar methods to reconstruct temperatures 
further back to the beginning of the millennium. Although uncertainties are magnified 
with each previous year of reconstruction, their results suggested that 20* century 
warming counters a millennial-scale cooling trend and that the 1990s was likely the 
hottest decade in the millennium, with moderate certainty. 

McIntyre and McKitrick 

After MBH99, Stephen McIntyre and Ross McKitrick [MM03] published their critique of 
the 1998 paper, citing calculation errors, unjustified truncation or extrapolation of source 
data, obsolete data, geographical location errors and incorrect calculation of principal 
components. They also claimed that using the MBH98 methodology and the Northern 
Hemisphere average temperature index for the period 1400-1980 shows that temperatures 
in the 15* century exceeded those of the late 20* century. In particular, they claim that 
MBH98’s incorrect usage of PCA alone resulted in the well-known “hockey stick” shape. 

In a 2004 corrigendum, Mann et al. replied to these criticisms, contending that McIntyre 
and McKitrick’ s finding resulted from an elimination of over 70% of the 15* century 
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proxy data used by MBH98. They also assert that MM03’s results fail independent cross- 
validation tests. In subsequent response papers, MM05a and MM05b noted that the data 
eliminated in their earlier critique of MBH98 was restricted to two proxy series, the 
Gaspe cedar ring-width series, and the first principal component from the North 
American tree ring network in MBH98. In the case of the first principal component, 
McIntyre and McKitrick stated that the mean was not centered correctly over the period 
of analysis, 1400-1980. Instead of subtracting the mean of each data series between the 
years 1400 and 1980, they subtracted the mean of 1902-1980. McIntyre and McKitrick 
state that this decentering of the mean causes the explained variance of certain proxies to 
be inflated, namely the proxy series that causes the hockey stick shape. Subsequently, 
that particular proxy series is chosen as the principal component, indicating it is the most 
significant correlation in the data. With regard to the Gaspe cedar tree ring series, 
McIntyre and McKitrick state that Mann 1998 did not use archived data, but rather made 
an extrapolation in which they misrepresented the start date of the series. They also state 
that this extrapolation depresses the early 15^ century results. Lastly, they note that the 
underlying dataset up to 1421 is based only on one tree, and only on two trees up to 1447. 

Mann and Rutherford’s 2005 paper in turn responded to these new criticisms, stating that 
McIntyre and McKitrick’ s misunderstanding of their methodology and use of an incorrect 
version of the proxy dataset is the source of the discrepancy in their results. They argue 
that the Mann et al. 1998 implementation calculates PC series of proxy networks over 
progressively longer intervals, which allows for the use of the maximum amount of data. 
For example, if there were 50 proxy series, and only 10 date back to AD 1400, then 
calculating one set of PC would eliminate 40 of the 50 series available back to AD 1600. 
By using two different intervals, 1400-1980 and 1600-1980 in this example, all proxy 
series can be utilized. Mann et al. contend that this misunderstanding is what led to the 
elimination of data prior to 1500 AD and is also what gives rise to the warmth in the 15^ 
century of McIntyre and McKitrick’ s version of MBH98. 

To address the extrapolation critique, Mann et al. terminated the 1971 calibration period 
in which they filled in missing proxy values in the multi-proxy PC network between 1971 
and 1980. They also approached the reconstruction using a different method, regularized 
expectation maximization (REGEM), and yielded the same results. They then conclude 
that their reconstruction is robust and reproducible, based on their use of an independent 
Climate Field Reconstruction method (the REGEM method) and their use of individual 
proxies instead of the multi-proxy PC representation used in Mann et al.l998. 

Other Notable Works 

While Mann et al. have focused much of their work on high frequency proxies, or those 
proxies that provide data on climate variability on a decadal or even yearly scale, Jan 
Esper and colleagues have investigated the effect of using low-frequency proxies that 
preserve data on climate variability on a centennial scale in their paper Low-Frequency 
Signals in Long Tree-Ring Chronologies for Reconstructing Past Temperature 
Variability, Esper et al. contend that preserving multi-centennial variability in tree-ring 
records is critical in comparing the temperatures of the Medieval Warming Period 
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(MWP) and those of the 20* century. By carefully selecting tree-ring chronologies from 
fourteen sites in the Northern Hemisphere (NH) extratropics, Esper et al. produced a 
reconstruction that preserved the multi-centennial variation, as well as supported the 
large-scale occurrence of the MWP over the NH extratropics. Using the regional curve 
standardization (RCS) method for their chronologies, Esper et al. found that there were 
significant multi-centennial differences between Mann et al. 1998 and their 
reconstruction. These differences may be explained by the fact that Mann et al.’s analysis 
includes data from the tropical and subtropical Northern Hemisphere whereas Esper’ s 
analysis includes only the extra tropic region. 

In their 2005 paper Highly Variable Northern Hemisphere temperatures reconstructed 
from low- and high-resolution proxy data, Moberg et al. further studied the use of low- 
resolution proxy data in order to preserve multi-centennial variability in climate 
reconstructions. Specifically, they focused on lake and ocean sediment cores, which tend 
to have a lower time resolution, but provide climate information at multi-centennial 
timescales that may not be captured by tree-ring data. Moberg et al. reconstructed 
Northern Hemisphere temperatures for the past 2,000 years by combining low-resolution 
proxies with tree-ring data. Their reconstruction shows a larger multi-centennial 
variability than most previous multi-proxy reconstructions. Furthermore, their 
reconstruction depicted high temperatures that are comparable to the 20* century 
temperatures in the period AD 1000-1100. Their results also suggest a natural trend in 
multi-centennial variability that is likely to continue. 

Following in this same trend, Hans von Storch et al., in their 2004 paper Reconstructing 
Past Climate from Noisy Data, used a coupled atmosphere-ocean model simulation of the 
past 1000 years to test the skill of past empirical reconstructions, specifically those of 
Mann et al. 1998, 1999. They found that while previous millennium based multi-proxy 
records find small amplitude variations followed by a clear warming trend in the past two 
centuries, the centennial variability of the Northern Hemisphere temperature is 
underestimated by these regression based methods. Their results also suggest that actual 
variability may have been at least twice as large as the variability predicted in these past 
studies. The authors surmise that this conclusion probably applies to most regression- 
based methods of analysis and that other methods that estimate past temperatures with 
physical (instead of statistical) methods or regression methods that address retention of 
low-frequency variability in proxies may be free from this critique. 

Another 2005 paper Are Multiproxy Climate Reconstructions Robust? by Gerd Burger 
and Ulrich Cubasch questions whether these methods are statistically significant enough 
to be able to make robust conclusions. Burger and Ulrich describe sixty-four climate 
reconstructions, based on regression of temperature fields on multi-proxy networks, 
which are each distinguished by at least one of six standard criteria of this method. By 
combining these criteria Burger and Ulrich define numerous variants on millennial 
histories. No one criterion can account for the number of variations and no particular 
variant is more valid than another. Even the variant with the best reduction of error 
statistic is the furthest variation from the climate history of Mann et al. 1998. Burger and 
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Cubasch conclude that the regression model is not valid when applied in an extrapolative 
manner, as in climate reconstruction. 

In a 2006 paper, The Spatial Extent of 2(f^ Century Warmth in the Context of the Past 
1200 Years, Timothy Osborn and Keith Briffa examine the most prominent anomalies in 
proxy records since AD 1200. They state that the most significant anomaly is the 
geographical extent of warmth in the middle to late 20^ century. They also detail 
anomalies during AD 890 to 1170 and AD 1580 to 1850 as being consistent with the 
concepts of a Medieval Warming Period (MWP) and Little Ice Age (LIA), respectively. 
However, they found that when comparing these anomalies with instrumental 
temperatures of the 20^ century, the spatial or geographical extent of this warm anomaly 
is far greater than that of the MWP or LIA. Their study consisted of fourteen regional 
temperature-related proxy records. Since it is not possible to conduct a direct comparison 
between proxy records and instrumental temperatures, the proxy data analysis was 
conducted with each series normalized over the 1856 to 1995 period, or the period where 
proxy and instrumental data overlap. Relative to a decadal time scale, Osborn and Briffa 
found supporting evidence for the MWP and LIA, but their geographical reach appeared 
restricted since these anomalies were sensitive to specific proxy records. 

Analysis 

While the work of Michael Mann and colleagues presents what appears to be compelling 
evidence of global temperature change, the criticisms of McIntyre and McKitrick, as well 
as those of other authors mentioned are indeed valid. Because the error and uncertainty 
involved in climate reconstructions is magnified with each preceding year, the ability to 
make certain conclusions about the climate at the beginning of the millennium is not very 
robust. This is even less robust considering the inability to actually calculate an accurate 
uncertainty for these reconstructions. Additionally, the work of Esper, Von Storch and 
Moberg make valid arguments for the inclusion of low-frequency proxies as well as the 
inability of PCA to effectively measure variations on a multi-centennial scale. This pitfall 
of PCA is further complicated by its tendency for misuse during the calibration process, 
specifically the decentering of the mean that McIntyre and McKitrick mention. 

The papers of Mann et al. in themselves are written in a confusing manner, making it 
difficult for the reader to discern the actual methodology and what uncertainty is actually 
associated with these reconstructions. Vague terms such as “moderate certainty” (Mann 
et al. 1999) give no guidance to the reader as to how such conclusions should be weighed. 
While the works do have supplementary websites, they rely heavily on the reader’s 
ability to piece together the work and methodology from raw data. This is especially 
unsettling when the findings of these works are said to have global impact, yet only a 
small population could truly understand them. Thus, it is no surprise that Mann et al. 
claim a misunderstanding of their work by McIntyre and McKitrick. 

In their works, Mann et al. describe the possible causes of global climate change in terms 
of atmospheric forcings, such as anthropogenic, volcanic, or solar forcings. Another 
questionable aspect of these works is that linear relationships are assumed in all forcing- 
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climate relationships. This is a significantly simplified model for something as complex 
as the earth’s climate, which most likely has complicated nonlinear cyclical processes on 
a multi -centennial scale that we do not yet understand. Mann et al. also infer that since 
there is a partial positive correlation between global mean temperatures in the 20^ 
century and CO 2 concentration, greenhouse-gas forcing is the dominant external forcing 
of the climate system. Osborn and Briffa make a similar statement, where they casually 
note that evidence for warming also occurs at a period where CO 2 concentrations are 
high. A common phrase among statisticians is correlation does not imply causation. The 
variables affecting earth’s climate and atmosphere are most likely to be numerous and 
confounding. Making conclusive statements without specific findings with regard to 
atmospheric forcings suggests a lack of scientific rigor and possibly an agenda. 

It is also interesting to note that Mann’s dissertation focused on 70 to 100 year climate 
signal variability, yet his future work does not have a similar component. His subsequent 
papers focus heavily on tree ring measurements, which provide data on a decadal or 
yearly scale. In later work, he also makes no mention of the ocean circulation variables, 
which he describes in his thesis as being integral to the variation in climate. If this type of 
forcing is a natural variable, it makes the conclusions about atmospheric forcings seem 
incomplete. 

The work initiated by Mann and his colleagues is still in its infancy, and as such further 
study, the use of wider proxy networks and the development of more sophisticated 
climate models will all be necessary future steps in propagating this research. It is not 
expected or likely that after preliminary research, definitive conclusions can be made 
about the earth’s climate over the past millennium. 
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4. RECONSTRUCTIONS AND EXPLORATION OF PRINCIPAL 
COMPONENT METHODOLOGIES 

Mann et al. (2005) identify two major methods of climate reconstruction, which they 
describe respectively as climate field reconstruction (CFR) methods^ and what they 
describe as simple climate-plus-scale (CPS) methods. CFR methods are claimed to 
“assimilate proxy records into a reconstruction of underlying patterns of past climate 
change” and among papers identified as using these methods are MBH 98, Evans et al. 
(2002), Luterbacher et al. (2002), Rutherford et al. (2005) and Zhang et al. (2004). In 
contrast CPS methods are said to “composite a number of proxy series and scales the 
resulting composite against a target (e.g. Northern Hemisphere temperature) instrumental 
series.” Examples of papers using the CPS methods include Jones et al. (1998), Crowley 
and Lowery (2000), Briffa et al. (2001), Esper et al. (2002), Mann and Jones (2003) and 
Crowley et al. (2003). Although the language describing both of these methods seems 
somewhat obscure, it would appear that CFR methods are just principal component 
methods as describe earlier and in the appendix and that CPS methods are just simple 
averaging of climate proxies and then scaling them to actual temperature records. 

The key issue in dispute is the CFR methodology as used in MBH98 and MBH99. The 
description of the work in MBH98 is both somewhat obscure and as others have noted 
incomplete. The essence of the discussion is as follows. Principal component methods are 
normally structured so that each of the data time series (proxy data series) are centered on 
their respective means and appropriately scaled. The first principal component attempts 
to discover the composite series that explains the maximum amount of variance. The 
second principal component is another composite series that is uncorrelated with the first 
and that seeks to explain as much of the remaining variance as possible. The third, fourth 
and so on follow in a similar way. In MBH98/99 the authors make a simple seemingly 
innocuous and somewhat obscure calibration assumption. Because the instrumental 
temperature records are only available for a limited window, they use instrumental 
temperature data from 1902-1995 to calibrate the proxy data set. This would seem 
reasonable except for the fact that temperatures were rising during this period. So that 
centering on this period has the effect of making the mean value for any proxy series 
exhibiting the same increasing trend to be decentered low. Because the proxy series 
exhibiting the rising trend are decentered, their calculated variance will be larger than 
their normal variance when calculated based on centered data, and hence they will tend to 
be selected preferentially as the first principal component. (In fact the effect of this can 
clearly be seen RPC no. 1 in Figure 5 in MBH98.). Thus, in effect, any proxy series that 
exhibits a rising trend in the calibration period will be preferentially added to the first 
principal component. 

The centering of the proxy series is a critical factor in using principal components 
methodology properly. It is not clear that Dr. Mann and his associates even realized that 


^CFR methods are essentially the methodology that was used in MBH98 and MBH99. However, the 
methods in MBH98 and MBH99 were not formally called CFR methods, the climate field reconstruction 
phrase being coined only later. 
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their methodology was faulty at the time of writing the MBH paper. The net effect of the 
decentering is to preferentially choose the so-called hockey stick shapes. While this error 
would have been less critical had the paper been overlooked like many academic papers 
are, the fact that their paper fit some policy agendas has greatly enhanced their paper’s 
visibility. Specifically, global warming and its potentially negative consequences have 
been central concerns of both governments and individuals. The ‘hockey stick’ 
reconstruction of temperature graphic dramatically illustrated the global warming issue 
and was adopted by the IPCC and many governments as the poster graphic. The graphics’ 
prominence together with the fact that it is based on incorrect use of PCA puts Dr. Mann 
and his co-authors in a difficult face-saving position. We have been to Michael Mann’s 
University of Virginia website and downloaded the materials there. Unfortunately, we did 
not find adequate material to reproduce the MBH98 materials. 

We have been able to reproduce the results of McIntyre and McKitrick (2005b). While at 
first the McIntyre code was specific to the file structure of his computer, with his 
assistance we were able to run the code on our own machines and reproduce and extend 
some of his results. In Figure 4.1, the top panel displays PCI simulated using the MBH98 
methodology from stationary trendless red noise. The bottom panel displays the MBH98 
Northern Hemisphere temperature index reconstruction. 
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Figure 4.1: Reproduced version of Figure 1 in McIntyre and McKitrick (2005b). 
Top panel is PCI simulated using MBH 98 methodology from stationary trendless 
red noise. Bottom panel is the MBH98 Northern Hemisphere temperature index 

reconstruction. 

Discussion: The similarity in shapes is obvious. As mentioned earlier, red noise exhibits 
a correlation structure, which, although it is a stationary process, to will depart from the 
zero mean for minor sojourns. However, the top panel clearly exhibits the hockey stick 
behavior induced by the MBH98 methodology. 
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Figure 4.2: This is our recomputation of the Figure 2 in McIntyre and McKitrick 
(2005b). The lower panel is what MM05b call the ‘Hockey Stick Index’ for PCls. 
For 10,000 simulated PCls, the histogram shows the distribution of the difference 
between the 1902-1980 mean and the 1400-1980 mean divided by the 1400-1980 
standard deviation using the MBH98 data transformation. The top histogram is 
based on the centered PC A computation. 

Discussion: Figure 4.2 is our recomputation of the Figure 2 in McIntyre and McKitrick 
(2005b). The lower panel is what MM05b call the ‘Hockey Stick Index’ for PCls. For 
10,000 simulated PCls, the histogram shows the distribution of the difference between 
the 1902-1980 mean and the 1400-1980 mean divided by the 1400-1980 standard 
deviation using the MBH98 data transformation. The top histogram is based on the 
centered PCA computation. Although our result is not identical to Figure 2 in MM05b, it 
reproduces the essential features of MM05b. In particular, the MBH98 methodology (and 
follow-on studies that use the MBH98 methodology) show a marked preference for 
‘hockey stick” shapes. The negative values between -2 and -1 indicate the 1902-1980 
mean is lower hence the blade of the hockey stick is turned down, while the positive 
values between 1 and 2 in the bottom panel indicate the hockey stick blade is turned up. 
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Figure 4.3: This is a recomputation of Figure 3 from MMOSb. The North American 
Tree Network PCI is a proxy featured prominently in MBH98. It is a PCA 
reconstruction of a series of tree ring proxies using the MBH98 methodology. The 
upper panel is the PCA reconstruction using the MBH98 data transformation. The 
lower panel is the reconstruction using the centered PCA methodology. 

Discussion: In addition to the hockey stick shape of the upper panel it is worth noting 
that the lower panel exhibits considerably more variability. As mentioned in earlier 
discussions, PCA seeks to identify the largest contributor to the variance. It is not 
inherently a smoothing mechanism. The MBH98 offset of the mean value creates an 
‘artificially large deviation’ from the desired mean value of zero. 
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Figure 4.4: One of the most compelling illustrations that McIntyre and McKitrick 
have produced is created by feeding red noise [AR(1) with parameter = 0.2] into the 
MBH algorithm. The AR(1) process is a stationary process meaning that it should 
not exhibit any long-term trend. The MBH98 algorithm found ‘hockey stick’ trend 
in each of the independent replications. 

Discussion: Because the red noise time series have a correlation of 0.2, some of these 
time series will turn upwards [or downwards] during the ‘calibration’ period^ and the 
MBH98 methodology will selectively emphasize these upturning [or downtuming] time 
series. 


^ 1902-1980 
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Figure 4.5: Here we have digitized the temperature profile as presented in the IPCC 
Assessment Report 1990. The early period between 1100 to about 1400 of above 
average temperatures is known as the Medieval Warm Period and the period from 
about 1500 to 1900 is known as the Little Ice Age. 


Discussion: In Figure 4.5, we have digitized the temperature profile as presented in the 
IPCC Assessment Report 1990. The early period between 1100 to about 1400 of above 
average temperatures is known as the Medieval Warm Period and the period from about 
1500 to 1900 is known as the Little Ice Age. The 1990 report was not predicated on a 
global warming scenario. It is clear that at least in 1990, the Medieval Warm Period was 
thought to have temperatures considerably warmer than the present era. 
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Figure 4.6: We created a pseudo-proxy scenario by creating 69 >vhite noise process 
simulations, i.e. 69 ^ite noise proxies and adding the profile in Figure 4.5 as the 
70*** proxy. All 70 pseudo-proxies were standardized to have a variance of one. In 
the top panel we applied the properly centered version of PCA. The black curve is 
the PCI. Offsetting the IPCC 1990 profile from 2 ero mean by .5, and using it as the 
70“* proxy, we applied the MBH98 (CFR) algorithm to the proxies to obtain a 
‘reconstruction’ of the Figure 4.5 profile in the bottom panel. 
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Discussion: Although there has been much discussion about the ‘hockey stick’ shape, the 
point of Figure 4.6 is that the offset procedure used in MBH98 (CFR) algorithm will 
reproduce any desired shape depending on what shape exists in the proxies. Recall in 
Figure 4.6 only one proxy of 70 has the shape, but the offset version of the PCA clearly 
picks out the shape. 


Average of 70 samples of White noise and Temp signal 



Figure 4.7: In this illustration, we created a different pseudo-proxy scenario by 
taking 70 copies of the Figure 4.5 profile and adding independent white noise 
processes to it. We then applied the CPS methodology to these pseudo-proxies to 
obtain another ‘reconstruction’ of the Figure 4.5 profile. 

Discussion: In Figure 4.7, the blue curve is the original profile, the black dots are the 
result of applying the CPS methodology, i.e. a simple average, and the red curve is the 
result of applying a smoothing procedure known in the statistical literature as LOESS. 


36 




493 


The point being made with Figures 4.6 and 4.7 is that if there are hockey sticks in the 
underlying data and if they are decentered, then the CFR methodology will selectively 
emphasize them. Similarly, if there are ‘hockey sticks’ in the data series and the 
remainder of the data are uncorrelated noise, then the CPS method will also emphasize 
the ‘hockey stick’ shape. However, if the data contain other shapes and these methods are 
applied to data containing these other shapes, then these methods will selectively pick out 
those shapes. In Figure 4.6, by decentering the 1990 profile, we inflate its effective 
variance so that PC A will preferentially pick it as the first principal component. In Figure 
4.7, the independent white noise will be incoherent^ and thus tend to cancel out while the 
‘signal’ is the same in every proxy and will thus tend to be additive. The point here is that 
if each (or even a large percentage) of the proxies is selected with the hockey stick shape, 
then the incoherent noise will cancel and the coherent ‘hockey stick’ shape will emerge. 
Thus even discussions of ‘independent replications’ of the hockey stick results by 
different methods may not be what they superficially appear to be. 

Remark: Technically speaking, the MBH98 algorithm is not principal components. 
Principal components are obtained theoretically through an eigenanalysis of the 
covariance matrix (which uses the centered data). Now there is an equivalent and 
numerically preferred method of obtaining the principal components by finding the so- 
called singular-value decomposition (SVD) of the original data matrix. The PCI is the 
first of the right singular vectors in the SVD. However, this is only the case if the data 
matrix columns have been centered. Since the MBH98 algorithm does not center the data 
matrix, the SVD is actually returning a different vector than PCI. One may investigate 
this vector but it is incorrect to identify it as the principal component. Appendix A 
provides the mathematical details of this remark. 


^ Incoherent is a technical term meaning that the time series have no common form and that they are 
statistically independent. If each time series contains the same or similar form (shape), then this is referred 
to as a coherent part of the time series. 
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5. SOCIAL NETWORK ANALYSIS OF AUTHORSHIPS IN 
TEMPERATURE RECONSTRUCTIONS 

One of the interesting questions associated with the ‘hockey stick controversy' are the 
relationships among the authors and consequently how confident one can be in the peer 
review process. In particular, if there is a tight relationship among the authors and there 
are not a large number of individuals engaged in a particular topic area, then one may 
suspect that the peer review process does not fully vet papers before they are published. 
Indeed, a common practice among associate editors for scholarly journals is to look in the 
list of references for a submitted paper to see who else is writing in a given area and thus 
who might legitimately be called on to provide knowledgeable peer review. Of course, if 
a given discipline area is small and the authors in the area are tightly coupled, then this 
process is likely to turn up very sympathetic referees. These referees may have co- 
authored other papers with a given author. They may believe they know that author’s 
other writings well enough that errors can continue to propagate and indeed be 
reinforced. 

In order to answer such questions about the relationships among authors in the area of 
temperature reconstructions, we developed two datasets. The first specifically focusing 
on Dr. Mann was developed by first considering all of his co-authors and then examining 
the abstracts produced by the co-authors. We focus on Dr. Mann because he is the lead 
author of MBH98/99 and because he is extremely influential in this area as can be seen 
by his high degree of centrality. Drs. Bradley and Hughes also appear in the social 
network, but do not exhibit the centrality that Dr. Mann exhibits. We used the 
Engineering Compendex database, which is available on the web, to develop the abstract 
database of his coauthors. Based on the expanded database we examined the co-authors 
of his co-authors. This first database is Dr. Mann centric with the idea of understanding 
the relationships among his reasonably close associates. This first database consisted of 
43 individuals all of whom have close ties to Dr. Mann. The second database was 
developed by looking for abstracts in the Engineering Compendex that treated aspects of 
temperature reconstruction. This second more expanded database contained more 
authors. In our analysis, we considered only the top 50 and top 75 in terms of numbers of 
papers published. There were more authors who wrote only one paper in the area and are 
thus not consistent researchers in the area. We report here the analysis with the top 75 
authors, i.e. the 75 most frequently published authors. 

Figures 5.1 through 5.4 deal with the first dataset of the closest associates of Dr. Mann. 
Figures 5.5 through 5.7 deal with the 75 most frequently published authors. 
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Sum Of AI}«giaDc« 01ff«r«nc«s Betvmn Cute 



Figure 5.1: The allegiance plot for the Mann co-authors 

Discussion: As mentioned in Section 2.3, allegiance is a concept/method useful for 
determining the clusters and cluster sizes for a social network. In some sense this 
determines second-order substructure within a social network. Recall that the allegiance 
for a block or cluster depends on having a large number of internal connections within 
the block and relatively few connections external to the block. The allegiance criteria are 
applied recursively until the allegiance criteria drop essentially to zero. This happens 
after nine blocks or clusters. Michael Mann is treated as a separate block because he has 
connections with every one of the other 42 researchers. Thus the second partition has an 
allegiance that temporarily drops below zero. 


39 




496 



Figure 5.2; This is a matrix indicating the nine blocks of the 43 investigators. The 
black squares indicate that there is a co-author relationship. 

Discussion: The block (cluster) structure is very clear. Michael Mann is a co-author with 
every one of the other 42. The black squares on the diagonal indicate that the 
investigators work closely within their group, but not so extensively outside of their 
group. The occasional off diagonal boxes indicate that some investigators have joint 
papers with investigators outside of their immediate group. The order of the authors on 
the vertical and horizontal axes is the same. Unfortunately, there is overprinting on the 
horizontal so that individual authors are not readable. However, it is immediately clear 
that the Mann, Rutherford, Jones, Osborn, Briffa, Bradley and Hughes form a clique, 
each interacting with all of the others. A clique is a fully connected subgraph, meaning 
everyone in the clique interacts with every one else in the clique. 
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Figure 5.3: The classic social network view of the Mann co>authors. Each block or 
subcluster is represented along an arc. 

Discussion: As mentioned before, Michael Mann is his own group since he is a co-author 
with each of the other 42. The cliques are very clear in this layout. In addition to the 
Mann-Rutherford-Jones-Osbom-Briffa-Bradley-Hughes clique there are several others 
that are readily apparent. They are Rind-Shindell-Schmidt-Miller, Cook-D’Arrigo- 
Jacoby- Wilson, Folland-Vellinga-Allan-Knight, Stahle-Shugart-Therrell-Druckenbrod- 
Cleveland, Sangoyomi-Moon-Lall-Abarbanel, and Clement-Zebiak-Cane. The last cluster 
is somewhat of the miscellaneous cluster of people who had published with Michael 
Mann, but not much if at all with each other. 
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Figure 5.4: The Figure 5.3 with the linkages to Dr. Michael Mann removed. 

Discussion: The dominance of Dr. Mann in terms of centrality is very clear comparing 
Figure 5.3 with Figure 5.4. Other authors of the remaining 42 that have some degree of 
centrality are Cook, Rutherford, and Lall. 


42 



499 



Figure 5.5: Listed here are the 75 most frequently published authors in the area of 
climate reconstruction. Here there are 18 blocks. 

Discussion: The structure among these most frequently published authors is somewhat 
less than the earlier group of 43. However, the block diagonal structure still remains 
strong so that we do find clusters interacting with each other. The Mann-Briffa-Hughes- 
Bradley-Rutherford clique still is readily apparent from just the allegiance computation 
perspective without any forced joining. 
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Figure 5.6: The social network of the 75 most frequently published authors in the 
area of climate reconstruction. 

Discussion: There are some interesting features. Although Michael Mann remains an 
author with high centrality, Tett, Briffa and Cook emerge as belonging to their own 
cluster and they also exhibit high centrality. Schweingruber and Collins also appear to 
have relatively high centrality. One interesting observation is that although Tett is fairly 
central, he has no direct linkage to Mann. Similarly the Gareth Jones-Allen-Parker- 
Davies-Stott clique also has no direct linkage to Mann. There are two Joneses Gareth 
Jones is not the same person as the person previously labeled as Jones, 
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Figure 5.7: Figure 5.6 ^th linkages to Michael Mann removed. 

Discussion: Several other interesting details emerge. The clique Claussen-Ganopolski- 
Brovkin-Kubatzki-Bauer is completely isolated from the other researchers in the area. 
Similarly, the Ribe-Gimeno-Garcia-Herrera-Gallego clique and the Arbarbanel- 
Rabinovich-Tsimning-Huerta-Gibb clique are nearly isolated with only linkages to Mann 
in the first case and linkages to Mann and Lall in the second case. 
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Figure 5.8: Relationships of major temperature reconstruction papers and the 
proxies that they used. 

Discussion: The social network analysis of authors’ relations suggests that the 
“independent reconstructions” are not as independent as one might guess. Indeed, the 
matrix outlined in Figure 5.8 illustrates the proxies that are used more than one time in 
twelve major temperature reconstruction papers. The black boxes indicate that the proxy 
was used in a given paper. It is clear that many of the proxies are re-used in most of the 
papers. It is not surprising that the papers would obtain similar results and so cannot 
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really claim to be independent verifications. As a graphical comparison of a number of 
the reconstructions, see Figure 5.9 below taken from D’Arrigo et al. (2006). 

800 1000 1200 1400 1600 1800 2000 



Figure 5,9. A comparison of several different reconstructions. From D’Arrigo et al. 

(2006) 

Discussion: There are variations in the temperature reconstruction indicating the 
fundamental uncertainty in the reconstruction process. Essentially all agree that there was 
a medieval warm period centered on AD 1000 and a little ice age from at least 1600 to 
1850. There is consensus in these reconstructions that the global average temperature has 
risen over the last 400 years. However, what must be added is that temperatures were 
below average in AD 1600. Both Esper et al. (2002) and Moberg et al. (2005) indicate 
that current global temperatures are not warmer that the medieval warm period. 
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6. FINDINGS 

Some of the issues have been addressed in the text of the description of the 
methodologies in the earlier part of our discussion. For completeness and clarity we will 
summarize again here. 

1 . In general we found the writing of MBH98 somewhat obscure and incomplete. 
The fact that MBH98 issued a further clarification in the form of a corrigendum 
published in Nature (Mann et al. 2004) suggests that these authors made errors 
and incomplete disclosures in the original version of the paper. This also suggests 
that the refereeing process was not as thorough as it could have been. 

2. In general, we find the criticisms by MM03, MM05a and MM05b to be valid and 
their arguments to be compelling. We were able to reproduce their results and 
offer both theoretical explanations (Appendix A) and simulations to verify that 
their observations were correct. We comment that they were attempting to draw 
attention to the deficiencies of the MBH98-type methodologies and were not 
trying to do paleoclimatic temperature reconstructions*. 

3. As we mentioned earlier, it is common for data analysis and pattern recognition 
experts to use a training sample for calibration. Normally one would seek to have 
the training data to be representative of what one might expect from the entire 
dataset. Because the temperature profile in the 1902-1995 is not similar, because 
of increasing trend, to the millennium temperature profile, it is not fully 
appropriate for the calibration and, in fact, leads to the misuse of the principal 
components analysis. However, the narrative in MBH98 on the surface sounds 
entirely reasonable on this calibration point, and could easily be missed by 
someone who is not extensively trained in statistical methodology. Dr. Mann has 
close ties to both Yale University and Pennsylvania State University. We note in 
passing that both Yale University and Pennsylvania State University have 
Departments of Statistics with excellent reputations^. Even though their work has 
a very significant statistical component, based on their literature citations, there is 
no evidence that Dr. Mann or any of the other authors in paleoclimatology studies 
have significant interactions with mainstream statisticians. 

4. In response to the letter from Chairman Barton and Chairman Whitfield, Dr. 
Mann did release several websites with extensive materials, including data and 
code. The material is not organized or documented in such a way that makes it 
practical for an outsider to replicate the MBH98/99 results. For example, the 
directory and file structure Dr. Mann used are embedded in the code. It would 


MM05a was critiqued by W^I and Ammann (2006) and the Wahl et al. (2006) based on the lack of 
statistical skill of their paleoclimate temperature reconstruction. Thus these critiques of the MM05a and 
MM05b work are not to the point. 

^ The Penn State and Yale Departments were ranked 19 and 20 respectively in the National Research 
Council publication, Research-Doctorate Programs in the United States, NRC (1995). 
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take extensive restructuring of the code to make it compatible with a local 
machine. Moreover, the cryptic nature of some of the MBH98/99 narratives 
means that outsiders would have to make guesses at the precise nature of the 
procedures being used. 

5. As mentioned in our introduction, much of the discussion on the ‘hockey stick’ 
issue has taken place on competing web blogs. Our committee believes that web 
blogs are not an appropriate way to conduct science and thus the blogs give 
credence to the fact that these global warming issues are have migrated from the 
realm of rational scientific discourse. Unfortunately, the factions involved have 
become highly and passionately polarized. 

6. Generally speaking, the paleoclimatology community has not recognized the 
validity of the MM05 papers and has tended dismiss their results as being 
developed by biased amateurs. The paleoclimatology community seems to be 
tightly coupled as indicated by our social network analysis, has rallied around the 
MBH98/99 position, and has issued an extensive series of alternative assessments 
most of which appear to support the conclusions of MBH98/99. 

7. Our committee believes that the assessments that the decade of the 1990s was the 
hottest decade in a millennium and that 1998 was the hottest year in a millennium 
cannot be supported by the MBH98/99 analysis. As mentioned earlier in our 
background section, tree ring proxies are typically calibrated to remove low 
frequency variations. The cycle of Medieval Warm Period and Little Ice Age that 
was widely recognized in 1990 has disappeared from the MBH98/99 analyses, 
thus making possible the hottest decade/hottest year claim. However, the 
methodology of MBH98/99 suppresses this low frequency information. The 
paucity of data in the more remote past makes the hottest-in-a-millennium claims 
essentially unverifiable. 

8. Although we have not addressed the Bristlecone Pines issue extensively in this 
report except as one element of the proxy data, there is one point worth 
mentioning. Graybill and Idso (1993) specifically sought to show that Bristlecone 
Pines were CO 2 fertilized. Bondi et al. (1999) suggest [Bristlecones] “are not a 
reliable temperature proxy for the last 150 years as it shows an increasing trend in 
about 1850 that has been attributed to atmospheric CO 2 fertilization.” It is not 
surprising therefore that this important proxy in MBH98/99 yields a temperature 
curve that is highly correlated with atmospheric CO 2 . We also note that IPCC 
1996 stated that “the possible confounding effects of carbon dioxide fertilization 
need to be taken into account when calibrating tree ring data against climate 
variations.” In addition, as use of fossil fuels has risen, so does the release of 
oxides of nitrogen into the atmosphere, some of which are deposited as nitrates, 
that are fertilizer for biota. Thus tree ring growth would be correlated with the 
deposition of nitrates, which, in turn, would be correlated with carbon dioxide 
release. There are clearly confounding factors for using tree rings as temperature 
signals. 
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9. Based on discussion in Mann et al. (2005) and Dr. Mann’s response to the letters 

from the Chairman Barton and Chairman Whitfield, there seems to be at least 
some confusion on the meaning of B? is usually called the coefficient of 
determination and in standard analysis of variance; it is computed as 1 - 
(SSE/SST). SSE is the sum of squared errors due to lack of fit (of the regression 
or paleoclimate reconstruction) while SST is the total sum of squares about the 
mean. If the fit is perfect the SSE would be zero and F? would be one. 
Conversely, if the fit of the reconstruction is no better than taking the mean value, 
then SSE/SST is one and the is 0. On the other hand, the Pearson product 
moment correlation, r, measures association rather than lack of fit. In the case of 
simple linear regression, However, in the climate reconstruction scenario, 

they are not the same thing. In fact, what is called p in MBH98 is very close what 
we have called 

10. We note here that we are statisticians/mathematicians who were asked to 
comment on the correctness of the methodology found in MBH98/99. In this 
report we have focused on answering this question and not on whether or not the 
global climate is changing. We have discussed paleoclimatology only to the 
extent that it was necessary to make our discussion of the statistical issues clear. 
The instrumented temperature record makes it clear that global temperatures have 
risen since 1850 CE. How this present era compares to previous epochs is not 
clear because the uncertainties in the proxies. However, it is clear that average 
global temperature increases are not the real focus. It is the temperature increases 
at the poles that matter and average global or Northern Hemisphere increases do 
not address the issue. We note that according to experts at NASA’s JPL, the 
average ocean height is increasing by approximately 1 millimeter per year, half of 
which is due to melting of polar ice and the other half due to thermal expansion. 
The latter fact implies that the oceans are absorbing tremendous amounts of heat, 
which is much more alarming because of the coupling of ocean circulation to the 
atmosphere. (See Wunsch 2002, 2006). 
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7. CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 1. The politicization of academic scholarly work leads to confusing public 
debates. Scholarly papers published in peer reviewed journals are considered the archival 
record of research. There is usually no requirement to archive supplemental material such 
as code and data. Consequently, the supplementary material for academic work is often 
poorly documented and archived and is not sufficiently robust to withstand intense public 
debate. In the present example there was too much reliance on peer review, which 
seemed not to be sufficiently independent. 

Recommendation 1. Especially when massive amounts of public monies and human 
lives are at stake, academic work should have a more intense level of scrutiny and 
review. It is especially the case that authors of policy-related documents like the IPCC 
report, Climate Change 2001: The Scientific Basis, should not be the same people as 
those that constructed the academic papers. 

Conclusion 2. Sharing of research materials, data, and results is haphazard and often 
grudgingly done. We were especially struck by Dr. Mann’s insistence that the code he 
developed was his intellectual property and that he could legally hold it personally 
without disclosing it to peers. When code and data are not shared and methodology is not 
fully disclosed, peers do not have the ability to replicate the work and thus independent 
verification is impossible. 

Recommendation 2 , We believe that federally funded research agencies should develop 
a more comprehensive and concise policy on disclosure. All of us writing this report have 
been federally funded. Our experience with funding agencies has been that they do not in 
general articulate clear guidelines to the investigators as to what must be disclosed. 
Federally funded work including code should be made available to other researchers upon 
reasonable request, especially if the intellectual property has no commercial value. Some 
consideration should be granted to data collectors to have exclusive use of their data for 
one or two years, prior to publication. But data collected under federal support should be 
made publicly available. (As federal agencies such as NASA do routinely.) 

Conclusion 3. As statisticians, we were struck by the isolation of communities such as 
the paleoclimate community that rely heavily on statistical methods, yet do not seem to 
be interacting with the mainstream statistical community. The public policy implications 
of this debate are financially staggering and yet apparently no independent statistical 
expertise was sought or used. 

Recommendation 3. With clinical trials for drugs and devices to be approved for human 
use by the FDA, review and consultation with statisticians is expected. Indeed, it is 
standard practice to include statisticians in the application-for-approval process. We 
Judge this to be a good policy when public health and also when substantial amounts of 
monies are involved, for example, when there are major policy decisions to be made 
based on statistical assessments. In such cases, evaluation by statisticians should be 
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standard practice. This evaluation phase should be a mandatory part of all grant 
applications and funded accordingly. 

Conclusion 4. While the paleoclimate reconstruction has gathered much publicity 
because it reinforces a policy agenda, it does not provide insight and understanding of the 
physical mechanisms of climate change except to the extent that tree ring, ice cores and 
such give physical evidence such as the prevalence of green-house gases. What is needed 
is deeper understanding of the physical mechanisms of climate change. 

Recommendation 4. Emphasis should be placed on the Federal funding of research 
related to fundamental understanding of the mechanisms of climate change. Funding 
should focus on interdisciplinary teams and avoid narrowly focused discipline research. 
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Appendix A. Mathematical Underpinnings of PCA 


A.l Eigenvectors and Eigenvalues 

Consider a general square d x d matrix M and a vector v. The vector v is said to be an 
eigenvector of the matrix M if Mv = sv where s is a scalar. The way to think about this 
situation geometrically is that a matrix such as M could have three effects. It could 
rotate a vector, it could mirror image a vector, and it could rescale a vector. In general it 
cannot translate a vector. If it rotates a vector or mirror images a vector into a scaled 
version of itself, then the vector is an eigenvector of the matrix. 

As a simple example, consider Af = ^ ^ ^ and let v = ^ ^ Mv — 

3 1^5 ~ ~ ( 1 ) eigenvector of M and 

the scaler s is said to be the eigenvalue corresponding to the eigenvector. 


Eigenvectors can only be found for square matrices and not all matrices may have 
eigenvectors. If a d x d symmetric matrix does have an eigenvector, it will have d of 
them. The d eigenvectors will be orthogonal (perpendicular) to each other. It is also clear 
that if we scale a matrix by a scalar amount, say c, then 
{cM)v — c{Mv) = c{sv) = (c5)v. Thus if we scale the matrix by an amount c, we 
scale the corresponding eigenvalue by the same amount. It is convenient to scale the 
largest eigenvector to length 1 . In this case the rescaled eigenvectors become an 
orthonormal basis for the d-dimensional vector space. In the example above the length of 

the eigenvector is \/52 -h P = \/^. Thus [ ^ ] is the unit eigenvector whose 

\7TeJ 


length is 1 . 


A .2 Principal Components 

The orthogonality of eigenvectors is the attractive feature that we would like to use for 
multivariate data analysis. We may start out with a series of data vectors, say 
xi,X2, .. . ,Xd, which may, in fact, be highly correlated. We would like to create another 
set of data vectors that are orthogonal. We assume that the vectors, xi,X2,... ,Xd, are 
column vectors of length n. We may form xi,x2, ... ^Xd, the sample means of each 
column vector. Then xi ~ xi, X2 ~ X2f . . . ., Xd — Td are the column vectors of centered 
data, which can be organized into an n x d data matrix X. Then S = ^X^X is the 
d X d covariance matrix corresponding to the data matrix X. Here the X^ indicates X 
transpose. Because E is a square matrix, the eigenvectors associated with E are 
Vxi,Vi2j-- - ,'^xd’ Let the corresponding eigenvalues be a^i > ax2 > ■ > <^xd so that 


61 



518 


the eigenvalues are arranged in decreasing order of magnitude. The geometric 
interpretation of the first eigenvector is that it points in the direction that has the largest 
variance. The second eigenvector points in a direction orthogonal to the first eigenvector 
and in a direction that has the second largest variance, and so on for the remaining 
eigenvectors. The eigenvectors are each d x 1 column vectors. The fact that these vectors 
are unit vectors (i.e. have magnitude 1) is captured by = l,i = l,2,...,d and that 
they are orthogonal is captured by = 0, z ^ j = 1, 2, . . . , c?. If 

Vxj = {vxji^Vxj 2 , • • « 5 Vxjd)^ is the column vector for the jth eigenvector, then 

d 

y^j ^ y^A^ki ~ ^k)'^xji 
1=1 

is the kih entry of the jth principal component. In matrix form pj ~ Xvj is the jih 
principal component. In the notation of Mann et al. (1998), 2/1 is PCi and this 
corresponds to the first reconstruction. Because X is din x d matrix andi/j is a c? x 1 
column vector, j/j is a n x 1 column vector and in the case of Mann et al. (1998), it will 
represent the jih. principal component time series. If we assemble the eigenvectors into a 
dx d matrix V = (va:i, ■ • • , then Y = XV would be the matrix of principal 
components. Principal component methodology is typically used for dimension reduction 
counting on the fact that for some jo, ocj « 0 for j > jo. Thus for j > jo the principal 
components may be treated as negligible and thus ignored. In the temperature 
reconstruction model, the PCj (first principal component) is being used to reconstruct a 
time series that is capturing the most variability in the data. 

A.3 Numerical Methods and Bias Illustration 

With large datasets, a preferred numerical method for finding the eigenvalues is to use a 
singular value decomposition of the data matrix X, The singular value decomposition 
(SVD) is given by 


X = UDV^, 

where jD is a diagonal matrix of d singular values and the matrices U {nx d) and V 
{d X d) satisfy U^U = Id and V^V = VV^ = J^. In this case 

E = k(jjDV'^y{UDV'^) = kvDU^UDV^ = ^VD^V^. 

The eigenvectors of E are the right singular vectors of X given by V. 

In Mann et al. (1998), the study period is partitioned into a reconstruction period 1400- 
1995 and a training period 1902-1980 in which all the proxy variables are available. The 
data matrix is centered using the training data rather than the overall means. Because the 
training period has higher temperatures, this biases the overall data lower for the period 
1400-1995, thus inflating the variance. In this case the right singular vectors, V, are no 
longer the eigenvectors. 
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In general, 

S = - xx^ 

Tl 

where S is the p x 1 vector of variable means in X after partial centering. For this X we 
let the column vectors of the right singular matrix V be ... Because these 
form an orthonormal basis, we can find constants, ^i, that satisfy 

d d d 

X = ^j3iVi so that xx'^ = Z) E 

i=l i~\ j=l 

To see how close the singular values, Vfc, are to the eigenvectors of S let us substitute 

-xx-^Yk 

== -EE PiPjViv]vk 

1=1 j=\ 

== }iX^xvk - zmvi 

= l^X^Xvk-kx. 

Unless X happens to be an eigenvector so that Vk = x for some fc, the singular vectors 
are not the eigenvector directions. They are biased toward the unsubtracted mean vector 
X. Note that if one data vector (proxy variable) Xk happens to have a much larger 
variance than the others, then the principal components method will attempt to fit that 
variable causing the eigenvector to align with variable. Similarly the largest component 
of the mean vector will be the contribution from variable Xk so that the eigenvector and 
the mean vector will be such that the directions of Vk and x tend to align. If Vk = x, 
then the associate eigenvalue for j^X^X is biased upwards by the amount x^x. This 
may be substantial. Thus the first eigenvector of X^X will be biased towards x and its 
importance overstated by x^x. 
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APPENDIX B. Request from the House Committee on Science/Chairman Boehlert 

In addition to the effort undertaken by the House Committee on Energy and Commerce, 
the House Committee on Science also sought to clarify these issues. To this end the 
House Committee on Science undertook to charge the National Research Council (NRC) 
of the National Academy of Science (NAS). 

House Committee on Science Charge to NAS 

The group should, in a clear and concise report issued in a relatively short period of time, 
answer the following questions: 

1. What is the current scientific consensus on the temperature record of the last 
1,000 to 2,000 years? What are the main areas of uncertainty and how significant 
are they? 

2. What is the current scientific consensus on the conclusions reached by Drs. Mann, 
Bradley and Hughes? What are the principal scientific criticisms of their work and 
how significant are they? Has the information needed to replicate their work been 
available? Have other scientists been able to replicate their work? 

3. How central is the debate over the paleoclimate temperature record to the overall 
scientific consensus on global climate change (as reflected in previous reports 
from the Academy)? How central is the work of Drs. Mann, Bradley, and Hughes 
to the consensus on the temperature record? 

NAS/NRC Internal Translation of the Charge to NAS/ Atmospheric Science Board 

The committee will describe and assess the state of scientific efforts to reconstruct 
surface temperature records for the Earth over approximately the past 2,000 years. The 
committee will summarize current scientific information on the temperature record for 
the past two millennia, describe the main areas of uncertainty and how significant they 
are, describe the principal methodologies used and any problems with these approaches, 
and explain how central the debate over the paleoclimate temperature record is to the 
state of scientific knowledge on global climate change. As part of this effort, the 
committee will address tasks such as: 

1 . Describe the proxy records that have been used to estimate surface temperatures 
for the pre-instrumental period (e.g., tree rings, sediment cores, isotopes in water 
and ice, biological indicators, indicators from coral formations, geological 
boreholes, and historical accounts) and evaluate their limitations. 

2, Discuss how proxy data can be used to reconstruct surface temperature over 
different geographical regions and time periods. 
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3. Assess the various methods employed to combine multiple proxy data to develop 
large-scale surface temperature reconstructions, the major assumptions associated 
with each approach, and the uncertainties associated with these methodologies. 

4. Comment on the overall accuracy and precision of such reconstructions, relevant 
data quality and access issues, and future research challenges. 

Note: statement of task revised on 03/30/2006. The National Academies is sponsoring 
this study. The approximate starting date for the project is 01/19/2006. The committee 
will issue a Final Report in approximately four months. 

Note: Although the House Committee on Science initiated the Academy study, the 
Academy decided not to address the specific questions of the House Committee on 
Science and decided to focus of the Academy study away from the specific questions 
and address broader issues. 

We attempt here to give answers to the House Committee on Science questions. 

• What is the current scientific consensus on the temperature record of the last 
1,000 to 2,000 years? 

Ans: There is strong evidence from the instrumented temperature record that 
temperatures are rising since 1850 and that global warming is a fact. How 
accurate the reconstructions over the past millennium are is a matter of debate and 
we do not believe there is a consensus on this issue. 

• What are the main areas of uncertainty and how significant are they? 

Ans: The proxy data have many factors encoded in them, one of which is 
temperature. However, the temperature proxy is confounded with many other 
factors that have not been teased out including carbon dioxide fertilization effects. 
The high level of variability in the proxy data as well as the lack of low frequency 
effects make the reconstructions more problematic than the advocates of these 
methods would have us believe. In addition the lack of a really substantial 
stationary, instrumented temperature record handicaps the calibration. 

• What is the current scientific consensus on the conclusions reached by Drs. Mann, 
Bradley and Hughes? 

Ans: Based on the literature we have reviewed, there is no overarching consensus 
on MBH98/99. As analyzed in our social network, there is a tightly knit group of 
individuals who passionately believe in their thesis. However, our perception is 
that this group has a self-reinforcing feedback mechanism and, moreover, the 
work has been sufficiently politicized that they can hardly reassess their public 
positions without losing credibility. 


65 



522 


• What are the principal scientific criticisms of their work and how significant are 
they? 

Ans: Our perception is that principal components (statistical) analysis was used 
incorrectly and, based on this, unsupportable inferences were drawn about the 
current magnitude of global warming relative to the historical past. We hasten to 
repeat that the Earth is getting warmer. What does not appear to be true is that the 
process mechanism is as well understood as some scholars would have us believe. 
In addition the use of some proxies does not appear to be as carefully managed as 
we might like. 

• Has the information needed to replicate their work been available? 

Ans: In our opinion, the answer is no. As mentioned earlier, there were gaps in 
MBH98. 

• Have other scientists been able to replicate their work? 

Ans: von Storch, Zorita and Gonzalez-Rouco in their presentation to the NAS 
Committee report that Burger et al. (2006) have reproduced the MBH98 results. 
We have not verified this independently. 

• How central is the debate over the paleoclimate temperature record to the overall 
scientific consensus on global climate change (as reflected in previous reports 
from the Academy)? 

Ans: In a real sense the paleoclimate results of MBH98/99 are essentially 
irrelevant to the consensus on climate change. The instrumented temperature 
record since 1850 clearly indicates an increase in temperature. Whether this is 
unprecedented in the last millennium seems less clear and to what extent the 
natural planetary processes can mitigate the excess green-house gas release is 
unknown. What is more important in our view is real insight into and 
understanding of the processes of global warming. 

• How central is the work of Drs. Mann, Bradley, and Hughes to the consensus on 
the temperature record? 

Ans: MBH98/99 has been politicized by the IPCC and other public forums and 
has generated an unfortunate level of consensus in the public and political sectors 
and has been accepted to a large extent as truth. Within the scholarly community 
and in certain conservative sectors of the popular press, there is at least some level 
of skepticism. 
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APPENDIX C. Summaries of Important Papers Discussed In the Report 

Summary of Michael E. Mann's Ph.D. Dissertation,^ Study of Ocean-Atmosphere 
Interaction and Low-Frequency Variability of the Climate System (1998) 

Dr. Mann attempts to clarify low frequency climate variations so that the effects of other 
factors (anthropogenic forcing, etc.) on climate can be defined. Dr, Mann's method 
includes a simplified theoretical model to provide a description of the effects of ocean 
circulation on climate as well as application of multivariate statistical methodology in the 
reconstruction of oscillatoiy low-frequency signals, using proxy and instrumental data. 
While Dr. Mann states that there is scant robust evidence for periodic climate signals 
other than the yearly seasonal variations, he notes there does seem to be an oscillatory 
character in many climatic processes. Dr. Mann attributes this “quasi-oscillatory” climate 
signal to linear and non-linear feedback mechanisms. Additionally, these signals are 
marked by defined, finite, decadal to centennial scale variations. Dr. Mann concludes, 
from the investigation of proxy data, that the most likely source of the climate variations 
is the coupled ocean-atmosphere processes. 

In his analysis. Dr. Mann determines that the traditional approach of climate signal 
detection, univariate spectral analysis, underestimates multi-decadal variations. He opts 
for a multivariate method, principal component analysis combined with spectral analysis, 
for climate signal detection. However, this method also presents with problems, as the 
distinct principal components present different climate signals and varying 
decomposition of the associated noise. Dr. Mann attributes this to two consecutive 
statistical operations with confounding optimization properties. Dr. Mann goes on to 
examine several different methods of principal component analysis that mitigate these 
negative effects, but eventually settles on multitaper frequency-domain singular value 
decomposition, or “MTM-SVD.” 

MTM-SVD isolates statistically significant oscillations that are correlated with the 
independent time series. This method is useful in describing spatially-correlated 
oscillatory signals that have arbitrary spatial relationships in amplitude and phase. 
Subsequently, this approach can detect standing and traveling patterns in a spatial- 
temporal dataset as well as account for periodic or aperiodic oscillatory patterns. Dr. 
Mann contends that this method allows for an accurate climate reconstruction of 
spatiotemporal patterns immersed in noise. 

Using these methods. Dr. Mann found a long-term global warming trend and anomalous 
atmospheric circulation patterns. These patterns show similarity to a modeled response of 
climate to increased greenhouse gases. Additionally, Dr. Mann found significant internal 
50-100 year oscillations with similar features occurring over several centuries. Similar 
oscillatory signals have been attributed to variability in the thermohaline circulation and 
coupled ocean-atmosphere processes in other model simulations. Dr. Mann also found a 
distinct 10-15 year oscillation in the instrumental data. This evidence of several inter- 
annual climate signals makes the interpretation of data more complicated in terms of a 
simple linear dynamical mechanism. 
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Next, Dr. Mann proposes an alternative method for modeling the ocean circulation 
variations with respect to climate. He takes the equations governing ocean circulation and 
subdivides them into two sections. Dr. Mann studies these two dominant modes of 
circulation, the gyre and mean meridional overturning circulations, separately as well as 
dynamically coupled. He notes that this type of modeling is only relevant when the non- 
uniform effects for each section are properly taken into account. After deriving these two 
components. Dr, Mann introduces some approximations and simplifications to allow for 
their coupling. From this. Dr. Mann creates what he believes to be a reasonably faithful 
description of large-scale ocean circulation, temperature and salinity fields of the world’s 
oceans. However, he notes one caveat, that this model is very sensitive to dynamics 
created when the gyre circulation is not taken into account. When these gyre-scale 
processes are absent from the model, a 200-300 year mode of ocean variability is clearly 
defined, taken by Dr. Mann to be the linear mode of the variability in the meridional 
overturning circulation. Dr. Mann estimates the effects of the ocean circulation on the 
atmosphere by parameterizing the modeled response of the atmosphere to sea surface 
temperature variations. When gyre-scale processes are accounted for, a 70-to-100 year 
instability is present. Dr. Mann interprets this variation as an oceanic delayed oscillator 
mechanism caused by changes in the meridional overturning, which subsequently causes 
changes in the near-surface salinity and heat advection. These effects in turn dampen the 
meridional overturning circulation before it can become large-scale. Dr. Mann contends 
that the results of the model study underscore possible interactions between these two 
major circulation processes and the nature of decadal to century scale variability. 

Dr. Mann contends that his work shows strong evidence for the existence of 50-100 year 
scale oscillations centered in the North Atlantic, persistent over several centuries. This is 
suggestive (but not conclusive) of damped oscillations in the climate system. Dr. Mann 
also contends that an atmospheric response to both of these major circulation processes is 
identified, corresponding closely to sea level pressure variations. Lastly, Dr. Mann 
defends the robustness of this simplified model, stating that the observed climate 
variability is consistent with many complex climatic mechanisms not included in this 
study. However, with more long-term proxy data and more large-scale climate 
reconstructions, the application of the signal detection methods described here will 
provide further insight into the nature of these decadal to century scale climate signals. 
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Summary of Global-scale temperature Patterns and Climate Forcing Over the Past Six 
Centuries by Michael Mann, Raymond Bradley, and Malcolm Hughes (1998) 

In an attempt to understand long-term global climate variation, Mann et al. use a widely 
distributed set of proxy and instrumental climate indicators to reconstruct global 
temperature patterns over the past 500 years. Using this data, they attempt to estimate the 
relationship between global temperature changes and variations in volcanic aerosols, 
solar irradiance, and greenhouse gas concentrations. 

The data consisted of a multiproxy network. In this case proxy is a time series 
constructed using data from various sources, such as tree ring measurements, ice cores, 
ice melts, and historical records. Overall the network includes 112 proxies, and each 
series has been formatted into annual mean anomalies relative to the reference period 
used for this data, 1902-1980. Certain tree-ring datasets have been represented by a small 
number of leading principal components. The dendroclimatic data has also been carefully 
reviewed to ensure standardization and sizeable segment lengths. Although the data 
network covers large portions of the globe, there is only enough reliable information to 
conduct a spatial analysis of the Northern Hemisphere. 

Because of the heterogeneity of the information available, Mann et al. calibrated the 
datasets by first decomposing the 20^ century instrumental data into its dominant patterns 
of variability using principal component analysis, and subsequently calibrating the 
individual climate proxy indicators against the time histories of these distinct patterns 
during their mutual interval of overlap. Included in this calibration approach are three 
assumptions: 1) the indicators in our network are linearly related to one or more of the 
instrumental training patterns, 2) a relatively sparse, but widely distributed sampling of 
long proxy and instrumental records may measure the small number of degrees of 
freedom in climate patterns at interannual and longer timescales, and 3) patterns of 
variability captured by the multiproxy network have analogs in the patterns they find in 
the shorter instrumental data. In their principal component analysis (PC A), Mann et al. 
isolated a small number of dominant patterns of variability, otherwise labeled ‘empirical 
eigenvectors’. Each of these patterns or eigenvectors has a characteristic spatial pattern 
and a pattern evolving over time (also referred to as the ‘principal component’). These 
eigenvectors are ranked according to the percentage of variance they describe. The first 
five eigenvectors describe 93% of the total variance. Each of the indicators in this study 
was calibrated using these five eigenvectors. 

The temperature reconstructions derived using all indicators and the most optimal 
eigenvector subsets show long term trends including pronounced cold periods during the 
mid-seventeenth and mid-nineteenth centuries and warmer intervals during the mid- 
sixteenth and late eighteenth centuries. Based on their methods, almost all of the years 
before the twentieth century exhibit temperatures well below the twentieth century mean 
temperature. Taking into account the uncertainties in their reconstruction, they find that 
the years 1990, 1995, and 1997 each show anomalies that are greater than any other year 
back to 1400, with roughly a 99.7% level of certainty. 
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Other general circulation and energy-balance model experiments, including some 
statistical comparisons of twentieth century global temperatures with forcing series, 
suggest that although both solar and greenhouse gas forcings play some role in explaining 
twentieth century climate trends, greenhouse gases appear to play an increasingly 
dominant role during this century. Additionally, it is hoped that as larger numbers of high 
quality proxy reconstructions become available it may be possible to create a more 
globally representative multiproxy data network for further study. 
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Summary of Northern Hemisphere Temperatures During the Past Millennium: 
Inferences^ Uncertainties, and LimitationsMLtiJm et al. (1999) 

Estimates of climate variability during past centuries rely upon indirect “proxy” 
indicators - natural archives that record past climate variations: tree rings, sediments, ice 
cores and corals. MBH98 used these temperature proxies to reconstruct yearly global 
surface temperature patterns back to CE 1400. In this article, Mann et al. attempt to 
reconstruct global surface temperature patterns prior to 1400 because it is surmised that 
temperatures were warmer even before the period reconstructed in MBH98. However, in 
order to recreate these temperature patterns, the same methodology employed in MBH98 
was applied to an even sparser proxy data network available prior to CE 1400. Only 12 
viable indicators are available for this time period. Because only a small number of 
indicators are available in regions where the primary pattern of hemispheric mean 
temperature variation has significant amplitude, these indicators have a particularly 
important role. Just as in MBH98, the calibration procedure for these 12 indicators 
invokes two assumptions; first, that a linear relationship exists between proxy climate 
indicators and some combination of large-scale temperature patterns and second, that 
patterns of surface temperature in the past can be suitably described in terms of some 
linear combinations of the dominant present-day surface temperature patterns. The 
calibration/verification statistics for reconstructions based on the 12 indicators are 
somewhat degraded compared to those for the post CE 1400 period. The explained 
variance in the MBH98 data (post- 1400 AD) was between 42% and 51%, whereas the 
explained variance among these 12 indicators is between 34% and 39%. Furthermore, the 
first principal component of the ITRDB (International Tree Ring Data Bank) data in this 
analysis is the only one of these series that exhibits a significant correlation with time 
history of the dominant temperature pattern of the 1902-1 980-calibration period. If this 
indicator is omitted, positive calibration/variance scores cannot be obtained for the 
Northern Hemisphere (NH) series. Thus, ITRDB PC 1 is the most meaningful component 
in resolving hemispheric temperature trends. The assumption that this relationship is 
consistent with time requires closer study and as such a more widespread network of 
proxy indicators will be required for more confident inferences. 

The reconstructed NH series indicates a cooling period prior to industrialization, possibly 
driven by astronomical forcing^ which is thought to have driven long term temperatures 
down since the mid-Holocene period. In addition, significant long-term climate 
variability may be associated with solar irradiance variations. Our reconstruction supports 
the notion that warmer hemispheric conditions took place early in the millennium 
followed by a long period of cooling beginning in the 14* century, which can be viewed 
as the initial onset of the Little Ice Age. However, even the warmer intervals in our 
reconstruction pale in comparison with modem (mid-to-late 20* century) temperatures. 
The data still upholds the conclusion that the 1990s was likely the hottest decade and that 
1998 was likely the hottest year of the millennium. However, without more widespread 
high-resolution data, further conclusions cannot be drawn in regard to the spatial and 
temporal details of climate change in the past millennium and beyond. 


’ Astronomical forcing refers to the effect on climate of changes in the tilt and the shape of the orbit of the 
Earth. 
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Summary of Global Temperature Patterns in Past Centuries: An Interactive 
Presentation by Michael Mann, Ed Gille, Raymond Bradley et al. (2000) 

This paper expands on earlier work by the same authors {Global-scale temperature 
Patterns and Climate Forcing Over the Past Six Centuries by Mann et al.), which used 
multiproxy networks of indirect climate variability indicators, such as tree-ring 
measurements, ice cores, coral growth, etc., to reconstruct climate variability and 
temperatures over the past centuries. In subsequent papers, Mann et al. expanded the 
reconstruction to Northern Hemisphere (NH) temperature variations over the past 
millennium, to examine ENSO-scale patterns of climate variability during past centuries, 
to compare observed patterns of climate variability in the Atlantic, and to assess the 
relationship between global patterns of climate variation and particular regional patterns. 
Most recently, Mann et al. have made available for the first time seasonally resolved 
versions of global temperature surface patterns in an interactive format, allowing users to 
select specific spatial regions or time periods of interest. Details of the data and methods 
involved are discussed in Mann et al. 0998) and (1999). 

The data consisted of a multiproxy network. In this case proxy is a time series 
constructed using data from various sources, such as tree ring measurements, ice cores, 
ice melts, and historical records. Overall the network includes 112 proxies, and each 
series has been formatted into annual mean anomalies relative to the reference period 
used for this data, 1902-1980. Certain tree-ring datasets have been represented by a small 
number of leading principal components. The dendroclimatic data has also been carefiilly 
reviewed to ensure standardization and sizeable segment lengths. Although the data 
network covers large portions of the globe, there is only enough reliable information to 
conduct a spatial analysis of the Northern Hemisphere. 

Because of the heterogeneity of the information available, Mann et al. calibrated the 
datasets by first decomposing the 20* century instrumental data into its dominant patterns 
of variability using principal component analysis, and subsequently calibrating the 
individual climate proxy indicators against the time histories of these distinct patterns 
during their mutual interval of overlap. Included in this calibration approach are three 
assumptions: 1) the indicators in our network are linearly related to one or more of the 
instrumental training patterns, 2) a relatively sparse but widely distributed sampling of 
long proxy and instrumental records may measure the small number of degrees of 
freedom in climate patterns at interannual and longer timescales., and 3) patterns of 
variability captured by the multiproxy network have analogues in the patterns we resolve 
in the shorter instrumental data. In their principal component analysis (PCA), Mann et al. 
isolated a small number of dominant patterns of variability, otherwise labeled 'empirical 
eigenvectors'. Each of these patterns or eigenvectors has a characteristic spatial pattern 
and a pattern evolving over time (also referred to as the 'principal component'). These 
eigenvectors are ranked according to the percentage of variance they describe. The first 
five eigenvectors describe 93% of the total variance. Each of the indicators in this study 
was calibrated using these five eigenvectors. 
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The most recent temperature reconstructions indicate that 1998 (as opposed to 1990, 
1995 and 1997 as previously proposed in Mann et al. 1998, 1999) was most likely the 
warmest year of at least the past millennium. There are also distinct temperature trends 
for the Northern and Southern hemispheres. While both hemispheres have similar trends, 
the coldness of the 19^ century appears to be somewhat more pronounced in the Northern 
hemisphere. Additionally, evidence suggests that the post- 1850 warming was more 
dramatic at higher latitudes relative to lower latitudes due to larger positive feedbacks at 
high latitudes. The annual mean temperature trends at higher latitudes are seen to be 
greater than the hemispheric trends themselves. In contrast, the tropical band shows less 
change than the entire Northern Hemisphere series. 

Mann et al. also provide yearly global temperature maps for annual mean, boreal cold 
season, and warm season for the reconstructed temperature fields from 1730 to 1980, the 
raw temperature data from 1902-1993 (used for calibration) and the sparse raw 
“verification” data from 1854 to 1901 (used for cross-validation). Users can investigate 
spatial patterns and time histories of this global temperature data at 
http://www.ngdc.noaa.gov/cgi-bin/paleo/mannplot2.pl. 

The statistical relationship between variations in the NH mean temperature and estimates 
of the histories of solar, greenhouse gas and volcanic forcings suggest that while the 
natural forcings play a role, only greenhouse gas forcing alone can explain the unusual 
warmth of the past few decades. Mann et al. also examined the sensitivity surrounding 
these forcings and found that when physically reasonable lags are incorporated into the 
attribution analysis there is evidence of even greater statistical relationships with 
particular forcings. At the physical lag of one year, the relationship between temperature 
variations and volcanic forcing is slightly more consistent. At the physical lag of 10-15 
years the relationship between greenhouse gas increases and increasing temperatures is 
considerably more significant, while the relationship with solar irradiation is less 
significant. Thus, there is significant evidence that recent anthropogenic activities are 
contributing to the recent warming. 

It is clear that the primary limitations of large-scale proxy-based reconstruction in past 
centuries, both temporally and spatially, reside in the increasingly sparse nature of 
available proxy networks available to provide reliable, past climate information. Arduous 
efforts are needed to extend such networks in space and time to the point where 
significant improvements will be possible in order to gain a more empirical 
understanding of climate variations during the past millennium. 
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Summary of Ocean Observations and the Climate Forecast Problem by Carl Wunsch 
( 2002 ) 

Due to the recent importance of studying climate change, it has become apparent that 
there are significant problems in observing the ocean and its climate. Much of the 
problem is technical, but there is also the matter of culture and misapprehension. Many in 
the field of meteorology continue to have an antiquated and misleading perception of the 
ocean circulation. In his article, Wunsch outlines the reasons for many of the problems in 
observing the ocean. 

Since the opacity of the ocean has made it difficult to observe until recent technological 
innovations, and the cost of supporting oceanographic ships is prohibitive, time series of 
oceanic variables were almost nonexistent. The only variables relatively easy to measure 
and interpret were properties such as temperature, salinity and oxygen. Since these 
properties are particularly stable, the static picture of ocean circulation became the 
predominant view. However, with the advent of modem electronics, obtaining time series 
of oceanographic data became easier. After years of literature and data on the subject, it 
became clear that the ocean is actually quite turbulent under the surface and that few, if 
any, elements of ocean circulation are truly steady. 

There exists a large-scale oceanic circulation that appears to be steady over decades, but 
is thought to be slowly changing everywhere in ways not yet known. However, the 
current understanding of how oceanic circulation will affect the climate is actually very 
narrow. Additionally, the problem is further compounded by the fact that models have 
become so sophisticated and interesting, it is tempting to assume they must be skillful. 
Most papers written on the subject of oceanographic models give little or no guidance to 
the reader as to the actual expected skill of the model. This type of research begs the 
question, is it really plausible that a 4° or 1° ocean model can be integrated with skill for 
1000 years? The magnitude of the error in these models is enormous when integrated 
over such a long time period. The evidence for the skillfulness of similar models is scant. 

The assumption that the oceanic system is much simpler than it actually is leads to a 
corruption of the entire literature. Readers of paleoclimate papers will notice that 
extraordinarily complicated and far-reaching changes in the climate system are often 
reduced to simple assertions about how the “global conveyor” changed. One might also 
be suspicious of “concrete” evidence of atmospheric modeling because atmospheric 
modeling must be equally if not more difficult than modeling the ocean. In order to begin 
to make any kind of model, years of observation with oceanographic satellites are 
needed. Most of these satellites are not currently regarded as operational. Of primary 
concern is to insure that everyone understands the problem and to recognize the great 
influence past assumptions exercise over future necessity. 
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Summary of Corrections to the Mann et oL (1998) Pro^y Database and Northern 
Hemispheric Average Temperature Series by Stephen McIntyre and Ross McKitrick 
(MM03) (2003) 

In their paper. Corrections to the Mann et al. (1998) Proxy Database and Northern 
Hemispheric Average Temperature Series, (hereafter referred to as MM03), McIntyre and 
McKitrick assess the methodology and results of the widely referenced Mann, Bradley, 
and Hughes paper, Global Scale Temperature Patterns and Climate Forcing Over the 
Past Six Centuries (hereafter referred to as MBH98). In MBH98 the authors attempted to 
reconstruct a temperature history of the Northern Hemisphere for the period 1400-1980. 
Their result was a “hockey stick” shaped graph, from which they concluded that the 
temperatures of the late 20* century were unprecedented and that 1990-2000 was likely 
the hottest decade in the millennium, and 1998 was likely the hottest year in the 
millennium. These findings have been prominent in the discussion on global climate 
change and in subsequent policy discussions. MM03 attempts to recreate the research in 
MBH98 in order to prove or disprove their findings. 

In the course of the research reproduction, McIntyre and McKitrick found errors in the 
statistical methodology of MBH98. Primarily, MM03 found that the creation of the proxy 
database itself held serious errors. In this context proxy denotes one of the 112 physical 
measurements used that can serve as an indicator of climatic conditions, including 
temperature. Examples of proxies include tree measurements, ice cores, and coral 
calcification rates. The time series created from these measurements form the basis of the 
MBH98 study. 

MM03 claimed the following errors in the MBH98 proxy database: 

1 . unjustified truncation of three time series 

2. copying 1980 values from one series onto another 

3 . displacement of 1 8 series to one year earlier than apparently intended 

4. Statistically unjustified extrapolations or interpolations to cover missing 
entries in 1 9 series 

5. geographical mislocations and missing identifiers of location 

6. inconsistent use of seasonal temperature data where annual data is 
available 

7. obsolete data in at least 24 series, some of which may have been obsolete 
at the time of the MBH98 study 

8. listing of unused proxies 

9. incorrect calculation on all 28 tree ring principal components. 

Having accounted for the major errors, MM03 reconstructed the temperature history. 
Using the MBH98 methodology, they were able to accurately reproduce the “hockey 
stick” shaped graph in the MBH98 findings. Still using the same basic methodology, 
MM03 prepared the data with improved quality control, including using the most recent 
data and collating it correctly. The result was a northern hemisphere temperature 
reconstruction that takes on a different shape in which the temperature index peaks at 


75 



532 


around 1450 AD, near the earliest measured point on the graph. MM03 concluded that 
the errors in MBH98 make the data unreliable and obsolete such that it does not support 
their end conclusions. 
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Summary of Global Surface Temperature over the Past Two Millennia by Michael 
Mann and Philip Jones (2003) 

Mann and Jones present their reconstructions of Northern and Southern Hemisphere 
mean surface temperature over the past two millennia based on high-resolution (annually 
or decadally scaled) proxies. For the Northern Hemisphere, they use previous 
temperature reconstructions from eight distinct regions based on 23 individual proxy 
records and for the Southern Hemisphere, they use temperature reconstructions from five 
distinct regions. Composites were performed separately for each hemisphere, based on 
available regional temperature records. Each regional temperature record was 
standardized by removal of the long-term mean and division by the standard deviation, 
after decadal smoothing. The composites were weighted combinations of the 
standardized proxy series, weighted by size of region and estimated reliability of the 
climate signal in the proxy. Proxy records exhibiting negative or approximately zero local 
correlations were eliminated from the study. Each composite was also standardized to 
have the same mean and decadal standard deviation as the target instrumental series over 
the period of common overlap. 

The Northern Hemisphere reconstruction was observed to be largely insensitive to 
elimination of shorter proxy records or to the weighting of the proxy series, suggesting a 
significant robustness. The reconstruction is consistent with previous Mann 
reconstructions, in that the warmth in the late 20^ century is unprecedented. Larger 
uncertainties in the Southern Hemisphere reconstruction preclude a similar conclusion for 
this. Increased quality and quantity of Southern Hemisphere proxy records are needed to 
decrease the current uncertainties surrounding the reconstruction and definitively make 
conclusions about the climate variability. 


77 



534 


Summary of Reconstructing Past Climate from Noisy Data by Hans von Storch et al. 
( 2004 ) 

While attempting to measure anthropogenic effects on the earth’s climate, it is necessary 
to create a reconstruction of past climate variations. Most studies have identified varying 
warm values in the 1 1* and 12* centuries followed by secular cooling periods in the mid- 
16*, 17* and early 19* centuries. These cooler intervals were followed by warming that 
is still experienced today. The amplitude of these preindustrial variations is debated, 
although the most notable study on the subject and the most quoted, Mann et al. 1998 
(MBH98), as well as the Intergovernmental Panel on Climate Change (IPCC), report that 
these variations were of small amplitude. However, recent studies have suggested that 
centennial variations may have been larger than previously thought. This study uses a 
coupled atmosphere-ocean model simulation of the past millennia as a surrogate climate 
to test the reconstruction method of MBH98. 

Using this model as a virtual world to determine the skill of regression-based 
reconstruction models like MBH98, von Storch et al. found that the model is reasonably 
skilled at reproducing short-term variations but substantial underestimation occurs in the 
long-term estimations. On an inter-annual scale, the reconstruction has a calibration 
reduction-of-error statistic of .7 for perfect pseudo-proxies and .3 for pseudo-proxies with 
a higher degree of noise. However, only 20% of the 100-year variability is recovered 
when the noise level is approximately 50%. Similar results were obtained using the third 
Hadley Centre coupled model (HadCM3), indicating the results are not dependent on the 
model used. 

Von Storch et al. also tested a number of other hypotheses. They found that including 
more instrumental data in the proxies does not improve results, expanding the proxy set 
in sparse areas improved results marginally, and that expanding the range of temperature 
variability present in the pseudo-proxies greatly improves the results. Additionally, von 
Storch et al. questioned the validity of linear regression models in general in estimating 
climate. Using pseudo-proxies to estimate local temperatures which were then spatially 
averaged to derive a Northern Hemisphere temperature, they found similar problems that 
occur in MBH98: underestimation of low-frequency variability for a given amount of 
noise. The authors conclude that climate simulations of the past millennium are burdened 
by model limitations and uncertainties in external forcing and therefore the output must 
be considered with care. Additionally, the linear regression methods as used in MBH98, 
suffer from marked losses of centennial and multidecadal variations. 
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Summary of The M&M Critique of the MBH98 Northern Hemisphere Climate Index: 
Update and Implications by Stephen McIntyre and Ross McKitrick (MM05a) 
(2005a) 

In an extension of their 2003 paper {Corrections to the Mann et. Al (1998) Proxy 
Database and Northern Hemispheric Average Temperature Series)^ McIntyre and 
McKitrick further detail their critique of Mann et. al. (1998) and respond to its 
subsequent update Mann et. al. (1999). In response to McIntyre and McKitrick (2003), 
Mann et. al. published new information regarding their original research that MM03 
attempted to replicate. While the new information did not include the source code used to 
generate the original results, it did include an extensive archive of data and 
supplementary information on the methods at the University of Virginia FTP site. 

In their article, M&M indicate that the individual data series (proxies) used to reconstruct 
the temperature index are important, and that errors within these series do not get washed 
out in a multi-proxy study. Specifically, MM05a found that the differences in MBH98 
and MM03 can be almost fully reconciled through the variations in handling of two 
distinct series, the Gaspe “northern treeline” series and the first principal component 
(PCI) from the North American proxy roster (NOAMER). In MBH98, the first four years 
of both of these series were extrapolated. The extrapolation has the effect of depressing 
early 15*^ century results, and was not disclosed by Mann et al. until a later paper, Mann 
et al. (2004). The underlying dataset that was subject to extrapolation also fails to meet 
the data quality standards described by Mann et al. elsewhere in the paper. 

In the MBH98 methodology, they used a principal component analysis, which they 
reported to be conventional or centered. However, in further disclosure of information on 
the UVA FTP site, it has been determined that the principal component analysis was not 
actually centered. In fact the mean used in their calculations is the 1902-1980 mean, but it 
was applied to the period 1400-1980. The effect of de-centering the mean is a persistent 
“hockey stick” shaped PCI, even when layered with persistent red noise. It follows from 
this shape that the climate of the late 20* century was unprecedented. Because the 
original code is in FORTRAN, which takes much more programming to run statistical 
processes than modem software such as R, it is very possible that this is due to a 
programming error, although Mann et al. have not admitted to any such error. 

In the MBH98 de-centered principal component calculation, a group of twenty primarily 
bristlecone pine sites govern the first principal component. Fourteen of these 
chronologies account for over 93% variance in the PCI and 38% of the total variance. 
The effect is that it omits the influence of the other 56 proxies in the network. In a 
centered version of the data, the influence of the bristlecone pine drops to the fourth 
principal component, where it accounts for 8% of the total variance. The MM03 results 
are obtained if the first two NOAMER principal components are used. The MBH98 
results can be obtained if the NOAMER network is expanded to five principal 
components. Subsequently, their conclusion about the climate of the late 20* century is 
contingent upon including low-order principal components that only account for 8% of 
the variance of one proxy roster. Furthermore, the MM03 results occur even in a de- 
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centered PC calculation, regardless of the presence of PC4, if the bristlecone pine sites 
are excluded. 

In the Gaspe “northern treeline” series, MMOSa found that the MBH98 results occur 
under three conditions: 1) the series must be used as an individual proxy; 2) the series 
must contain the portion of the series that relies only on one or two trees for data; and 3) 
it must contain the ad-hoc extrapolation of the first four years of the chronology. Under 
all other conditions, including using an archived version of the series without 
extrapolation, MM03 type results occur. 

MM05a also addresses the MBH98 claims of robustness in their findings. The sensitivity 
of the 15* century results to slight variations in the data and method of two individual 
series show a fundamental instability of the results that flatly contradicts the language 
used in MBH98 and in Mann et al. (2000) where it states “...whether we use all data, 
exclude tree rings, or base a reconstruction only on tree rings, has no significant effect on 
the form of the reconstruction for the period in question...” Additionally, MM05a notes 
much of the specialist literature raises questions about these indicators and at the least 
these questions should be resolved before using these two series as temperature proxies, 
much less as uniquely accurate stenographs of the world’s temperature history. 

In response to MM03, Mann et al. wrote several critiques that appeared in Nature 
magazine as letters and as separate articles. The Mann et al. (2004) paper argued that the 
MM03 use of centered principal components calculations amounted to an “effective 
omission” of the 70 sites of the North American network. However, the methodology 
used omits only one of the 22 series. A calculation like this should be robust enough that 
it is relatively insensitive to the removal of one series. Also, “effective omission” is more 
descriptive of the MBH98 de-centering method, which uses 14 bristlecone sites to 
account for over 99% of explained variance. 

In another response, Mann et al. claim that the PC series are linear combinations of the 
proxies and as such cannot produce a trend that is not already present in the underlying 
data. However, the effect of de-centering the mean in PC analysis is that it preferentially 
selects series with hockey-stick shapes and it is this over weighting that yields a pattern 
not representative of the underlying data. Additionally, Mann et al. responded to the 
MM03 critique of the bristlecone pine, which pointed out that the bristlecone pine had no 
established linear response to temperature and as such was not a reliable temperature 
indicator. Mann et al. responded by stating that their indicators were linearly related to 
one or more instrumental training patterns, not local temperatures. Thus, the use of the 
bristlecone pine series as a temperature indicator may not be valid. 

The authors of MM05 concluded that the various errors and adverse calculations that 
were not disclosed exhibit the limitations of the peer review process. They also note the 
limited due diligence of paleoclimate journal peer review and that it would have been 
prudent to have checked the MBH98 data and methods against original data before 
accepting the findings as the main endorsement of the Intergovernmental Panel on 
Climate Change. 
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Summary of Hockey sticks, principal components, and spurious significance by 
Stephen McIntyre and Ross McKitrick (2005b) 

In their critique of Global-scale temperature Patterns and Climate Forcing Over the Past 
Six Centuries (MBH98) by Mann et al., McIntyre and McKitrick (M&M) note several 
errors in the methodology and subsequent conclusions made by Mann et al. First, M&M 
discuss the incorrect usage of principal component analysis (PC A) in MBH98. A 
conventional PC algorithm centers the data by subtracting the column means of the 
underlying series. For the 1400 to 1450 data series, the FORTRAN code contains an 
unusual data transformation prior to the PC calculation, which was never reported in 
print. Each tree ring series was transformed by subtracting the 1902-1980 mean and then 
dividing by the 1902-1980 standard deviation and dividing again by the standard 
deviation of the residuals from fitting a linear trend in the 1902-1980 period. For PCA, if 
the 1902-1980 mean is close to the 1400-1980 mean, then there will be very little impact 
from this linear transformation. However, if the means differ, then the explained series 
variance is inflated. Since PCA gives more weight to series that have more explained 
variance, the effect is preference for the ‘hockey stick’ shape seen in Mann et al.. This 
‘hockey stick’ shape supports the conclusions that climatic conditions in the late 
twentieth century are anomalies. 

M&M also ran a Monte Carlo Simulation on 70 of the stationary proxy data series. When 
applying the linear transformation described above that was found in MBH98, nearly 
every simulation yielded first principal components (PCI) with a ‘hockey stick’ shape. 
Without this transformation, the ‘hockey stick’ shape appeared in the PCI only 15.3% of 
the time. Additionally, the MBH98 method creates a PCI that is dominated by 
bristlecone pine and foxtail pine tree ring series (both closely related species). Out of the 
70 sites in the network, 93% of the variance in the MBH98 PCI is accounted for by only 
15 bristlecone and foxtail pine sites, all with data collected by one man, Donald Graybill. 
Without the transformation, these sites have an explained variance of less than 8%. The 
substantially reduced share of explained variance coupled with the omission of virtually 
every species other than bristlecone and foxtail pine, argues strongly against interpreting 
it as the dominant component of variance in the North American network. There is also 
evidence present in other articles calling the reliability of bristlecone pines as an effective 
temperature proxy into question. 

M&M also evaluated the MBH98 usage of the Reduction of Error statistic in place of the 
more reliable and widely used Monte Carlo Model to establish significant benchmarks. 
By using the Monte Carlo Model, M&M found that a more accurate significance level for 
the MBH98 procedures is .59, as opposed to the level of 0.0 reported in the original 
study. A guard against spurious RE significance is to examine other statistics, such as the 
R^ and CE statistics. However, MBH98 did not report any additional statistics for the 
controversial 15^ century period. The M&M calculations indicate that these values for 
the 15^ century section of the temperature reconstruction are not significant, thereby 
refuting the conclusions made by MBH98. 
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Summary of Highly Variable Northern Hemisphere Temperatures Reconstructed from 
Low- and High-Resolution Proxy Data by Anders Moberg et al. (2005) 

In their study, Moberg et al. reconstruct a climate history for the past 2,000 years using 
low resolution proxies (proxies that provide climate information at multi-centennial 
timescales, such as ocean sediment cores) and high resolution proxies (proxies that 
provide climate information on a decadal scale, such as tree rings). Due to the high 
profile of high-resolution proxies in reconstructions, mostly from Mann et al. 1998, views 
have been expressed that only tree ring and other high resolution data are useful for 
quantitative large scale temperature reconstructions. However, tree ring data has a well 
documented unreliability in reproducing multi-centennial temperature variability. By 
using low-resolution data for multi-centennial information combined with high-resolution 
data for decadal information, the most unreliable timescales for each proxy can be 
avoided. 

The dataset used for this study was limited since proxies were required that dated back 
2,000 years. Seven tree-ring series and eleven low-resolution proxy series were used. To 
obtain a reconstruction covering the complete range of timescales Moberg et al. created a 
wavelet transform to ensure tree-ring records contribute only to timescales less than 80 
years and all low-resolution proxies contribute only to longer timescales. To calibrate the 
reconstruction, its mean value and variance were adjusted to agree with the instrumental 
record of Northern Hemisphere annual mean temperatures in the overlapping period 
1856-1979. 

The reconstruction indicates two warm peaks around A.D. 1000 and 1100 and 
pronounced cold periods in the 16^ and 17* centuries. The peaks in medieval times are 
comparable to those of the 20* century, although warmth seen in post- 1990 seems to be 
unprecedented. Reconstructions of the temporal evolution of warming variables (volcanic 
aerosols, solar irradiance and greenhouse gases) have been used to drive simple energy 
balance climate models as well as fully coupled atmosphere-ocean general circulation 
models. Moberg et al. note that the Northern Hemispheric temperature series obtained 
from such an experiment with the coupled model ECHO-G bears a strong qualitative 
similarity to their reconstruction. This supports the case of a pronounced hemispheric 
low-frequency temperature variability resulting from the climate’s response to natural 
changes in radioactive forcing. 

There are notable differences in the Moberg et al. reconstruction and that of Mann et al. 
1998. While there is a large amount of data in common between the two reconstructions, 
Mann et al. combined tree-ring data with decadally resolved proxies without any separate 
treatment at different timescales. Additionally, this study’s dataset contains centennially 
resolved data from the oceans while Mann et al. used only annually or decadally resolved 
data from continents or locations near the coast. Mann et al. also used a different 
calibration method (regression versus variance scaling as in this study). 

Further study in the process of weighting different timescales and spatial representation 
of the data should be conducted to see which method most accurately depicts past climate 
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variability This study finds no evidence for any earlier periods in the past two millennia 
with warmer conditions than the post-1990 period. However, natural multi-centennial 
climate variability, especially as a response to solar irradiance, may be larger than 
previously thought. This does not imply that global warming has been caused by natural 
factors alone, but that there is a need to improve scenarios for future climate change by 
also including forced natural variability. 
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Summary of Testing the Fidelity of Methods Used in Proxy-Based Reconstructions of 
Past Climate by Michael Mann, Scott Rutherford, Eugene Wahl and Caspar 
Ammann (2005) 

In this article Mann et al. examine two prominent methods in historical climate 
reconstruction, Climate Field Reconstruction (CFR) and the Composite-Plus Scale (CPS). 
The former combines several different proxy^ records in order to reconstruct underlying 
patterns of past climate change. The latter combines many different proxy series (such as 
tree ring series, ice core series, etc.) and scales the resulting composite against a target 
series (i.e. the Northern Hemisphere) that is measured instrumentally. In order to assess 
both methods, Mann et al. used climate simulation to create a known climate record. 
They then layered the model with the typical noise associated with real-world 
uncertainties found in actual proxies. Thus, Mann et al. created pseudo proxies that they 
could use to test the two methods of climate reconstruction. They constructed three 
distinct networks of pseudo proxies, each with attributes similar to actual proxy networks 
used in past CFR and CPS studies. 

Following the standard CPS procedure, each pseudo proxy was smoothed by decade and 
standardized. The weighted composite of these proxies was then scaled to have the same 
mean and standard deviation as the actual Northern Hemisphere series. Using different 
levels of the signal-to-noise ratio (SNR) (relative amplitudes of noise variance), Mann et 
al. evaluated the effectiveness of each method. In CPS experiments, the results most 
closely resembled those obtained from actual proxies for SNR=1.0. The lower Ae SNR 
level (.25 and .5 were also measured), the lower the skill of reconstruction. Additionally, 
when SNR=1.0, the CPS method was found to be relatively insensitive to the length of 
the calibration interval. Mann et al. found that in general, CPS or regression based 
methods employing a short calibration period are likely to underestimate long-term 
variability. 

Mann et al.’s implementation of the CFR approach makes use of the regularized 
expectation maximization (RegEM), which is similar to Principal Component Analysis 
(PCA), but it employs estimates of data covariances in iterations. Mann et al. tested three 
types of this method; the straight application of RegEM, a “hybrid frequency-domain 
calibration” approach and a stepwise version of RegEM. All three of these methods 
yielded similar results in the study. Similar to CPS, Mann et al. found that \yhen 
SNR=1 .0, this method yielded a similar resolved variance and it was relatively insensitive 
to the calibration period. However, this method yielded a moderately more skillful 
reconstruction with a long calibration period. Additionally, the CFR method appears to 
systematically underestimate the amplitude of the larger volcanic cooling events, most 
likely because of the small number of volcanic events present in the calibration interval. 

In general, Mann et al. found no evidence that real-world proxy-based temperature 
reconstructions are likely to suffer from any systematic underestimate of low-frequency 
variability. Their findings also suggest that both of these standard methods, CPS and 


^ In this case, proxy refers to a time series of indicators such as tree rings, ice cores, and coral. 
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CFR, are likely to provide a faithful estimate of actual long-term hemispheric 
temperature histories, within estimated uncertainties. 
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Summary of Low-Frequency Signals in Long Tree-Ring Chronologies for 
Reconstructing Past Temperature Variability by Jan Esper, Ed\«ard Cook, and Fritz 
Schweingruber (2005) 

In this article Esper et al. address the debate revolving around the reliability of tree-nng 
records as substantial basis of temperature reconstruction before the 17 century. The 
authors’ present analysis of centuries-long ring-width trends in 1205 radial tree-ring 
series from 14 high-elevation and middle-to-high latitude sites distributed over a large 
part of the Northern Hemisphere extratropics. Esper et al. looked at grov^h trends in tree 
ring proxies by analyzing individual raw ring-width measurements using Regional Curve 
Standardization (RCS) methods. Successful use of the RCS method usually requires a 
large number of ring-width series because the method of detrending is not based on any 
explicit curve fitting to the individual series, but rather over series of a similar region. 
However, the series are further broken down into two groups, those that age linearly and 
those with age trends that are non-linear. 

In each of these groups, the smoothed regional curves were estimated from the averaged 
biological age-aligned data. The resulting tree ring indices were then averaged into linear 
and non-linear mean value functions to produce two nearly independent tree-ring 
chronologies covering the years 800-1990. Each of these chronologies showed evidence 
of above average temperatures during the Medieval Warming Period (900-1300), below 
average temperatures during the Little Ice Age (1200-1850), and large-scale warming 
after 1850, consistent with instrumental temperature records. Overall, these results 
demonstrate that properly selected and processed tree-ring records can preserve such long 
time-scale climate variability. 

Additionally, using RCS methods, climate variability of the Medieval Warming Period 
(MWP) can be reconstructed, and it approaches the magnitude of 20 -century warming in 
the Northern Hemisphere up to 1990. Consistent with other analyses of the MWP, it 
appears to be more temporally variable than the warming trend of the past century. 
Analysis also supports that the warmest period of the MWP may have begun in the early 
900s, with the warmest interval being from 950 to 1045 AD. This finding suggests that 
past comparisons of the MWP with the 20'^-century warming may not have included all 
of the MWP, especially its warmest period. 
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Summary otAre Multiproxy Climate Reconstructions Robust? By Gerd Bflrger and 
Ulrich Cubasch (2005) 

Burger and Cubasch review the robustness of multiproxy climate reconstructions, 
especially with regard to Mann et al. 1998 (MBH98), a prominent and widely discussed 
paper on the topic. The MBH98 reconstruction applies an inverse regression between a 
set of multiproxies on one hand and the dominant temperature prmcipal components 
(PCs) on the other. The sparse availability of proxies prior to 1450 is accounted ^r by 
estimating the regression for seven successive time periods. Burger and Cubasch skip 
this last step in their approximation of the MBH98 settings. In this study, they use the 
proxies available for the period 1400-1450 (which includes 18 tree ring and ice core 
proxies). Using the 1902-1980 as the calibration period, an empirical model is fitted and 
applied to the full proxy record. Before estimating the regression model, the proxies 
undergo a PC transformation, a measure against collinearity, which can inflate the model 
error. 

Burger and Cubasch found 64 variants of reconstructed millennial Northern Hemisphere 
temperatures. The spread about the MBH98 is immense, especially around the years 
1450, 1650, and 1850. There is no evidence that one variation should be chosen over the 
others and even the variant with the best reduction of error statistic (79%) is the variant 
that most strongly deviates from MBH98. When the setting was moved to AD 1600 
instead of 1400, the spread is still quite large in the early part of the reconstruction, even 
though more proxies are available. 

Fundamental to all proxy inferences is the assumption that the variations in the pro?^ are 
related to the temperature and somewhat uniformly. However, the results of this study do 
not give such a relationship, at least not one that is robust. Bttrger and Cubasch could not 
find one criterion solely responsible for the spread of variants, but it is possible that a 
significant source of uncertainty could be the scale mismatch between the full millennial 
and the calibrating proxy variations. In that case, the regression model leaves its general 
domain of validity and is applied in an extrapolative manner. The further the estimated 
regression laws are extrapolated the less robust the method is. This error growth is 
especially critical for parameter-insensitive, multi-proxy climate field reconstructions of 
the MBH98 type. In order to salvage such a method, there must be a mathematical 
derivation of the model error and more sophisticated regularization schemes that can 
minimize the error. 
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Summary of Proxy-Based Northern Hemisphere Surface Temperature 
Reconstructions: Sensitivity to Method, Predictor Network, Target Season and Target 
Domain by Rutherford et al. (2005) 


Rutherford et al. discuss the necessity of climate reconstruction with multi-proxy 
networks as empirical evidence in documenting past climate variability. In this case, they 
note the advantage of using high-resolution proxies (annually or seasonally resolved 
proxies, such as tree rings, corals and ice cores) because they overlap with ins^mental 
data of the past century, allowing analysis of their climate signal and reliability. ese 
proxies have been used to reconstruct spatial climate fields which not only provide a 
climate variability record but which also retain information of the mechanisms or forcing 
underlying the variability. Annually resolved proxy networks have also been used to 
directly reconstruct indices of climate variability, but these methods are somewhat flawed 
in that they assume a direct relationship between the recorded proxy variables and 
temperature and precipitation but large-scale climate influences may change oyer time. 
Rutherford et al. focus specifically on recent constructions of this type of Northern 
Hemisphere temperatures and the reasons for the differences between reconstructions. 


There are four identifiable factors that largely contribute to differences in reconstructions. 
Those are 1) using proxies as calibrators for surface temperature patterns, 2) the 
difference in character of the proxy networks used, 3) the target season of reconstruction, 
and 4) the target region of reconstruction. The intent of this study is to provide an 
assessment of the relative impacts of these four factors. 


To measure the sensitivity of the proxy network selected, three networks were used: the 
multiproxy dataset used by Mann et al., the MXD data used by Briffa et al., and a 
combination of these datasets for the third network. To perform the reconstruction on 
these three networks a RegEM approach of climate field reconstruction was used. The 
ResEM method is an iterative method for estimating missing data through the estimation 
of means and covariances from an incomplete data field. The calibration interval for this 
approach was the time interval that includes overlap of proxy and instrumental date. 
Rutherford et al. made two modifications to the RegEM approach. First, they applied the 
method in a stepwise fashion, performing the reconstruction one step at a time using all 
available climate information. Second, they separated the datasets into low and high 
frequency datasets to create two independent reconstructions, which were then combined 
at the conclusion of the experiment to create a complete reconstruction. In the findings, 
Rutherford et al. stated that using a 20 year boundary for the frequency calibration gave 
superior results in almost all cases while the stepwise modification of the RegEM niethod 
did not produce any different results. Additionally, since the combined network showed 
only marginal improvement over the other two, it is likely that these reconstructions are 
relatively insensitive to the proxy network used. 


88 



545 


To measure the sensitivity of the target season and region on reconstruction, Rutherford 
et al. performed an array of RegEM climate field reconstructions based on various 
seasons and regions. These reconstructions were compared with several previous 
reconstructions based on common predictor datasets. Rutherford et al. found that the 
optimal results for the MXD data were produced for the period in which the cold season 
ends while the optimal results for the multiproxy principal component reconstruction 
(Mann and coworkers reconstruction) were produced for the period in which the cold 
season begins. Additionally, the MXD network was found to outperform the combined 
network in the warm season. In terms of region, Rutherford et al. found differences m the 
target region lead to significant variability in the hemispheric mean estimates. While they 
found that reconstructions are sensitive to changes in season and region, Rutherford et al. 
maintained that the unprecedented temperatures in the late 20 century that are seen in 
many reconstructions are supported with respect to all of the factors considered in this 
study. 
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Summary of Abrupt Climate Change: An Alternative View by Carl Wunsch (2006) 

A Dansgaard-Oeschger (D-0) event is a rapid climate fluctuation, taking place at the end 
of the Ice Age. Twenty-three such events have been identified between 110,000 and 
23,000 years before present, A widely held view of abrupt climate change during the last 
glacial period is that these D-O events are at least hemispheric, if not global and caused 
by changes in ocean circulation. It has been hypothesized that there may be abrupt 
climate change similar to a D-0 event because of ongoing global warming and its oceanic 
affects. Underlying the major conclusions about D-0 events and abrupt climate change 
there are several assumptions, including (1) the ^^Oxygen variations appearing in ice 
cores are viable as a proxy, (2) climate fluctuations in Greenland reflect those on a 
hemispheric or global basis, (3) the cause of D-0 events can be traced to major changes 
of the North Atlantic meridional overturning circulation and perhaps failure of the Gulf 
Stream, and (4) apparent detection of a D-O event at a remote location in a proxy implies 
local climatic importance. In this article Wunsch reexamines these assumptions in order 
to assess their relevance, specifically focusing on (2) and (3). 

In terms of using ^^Oxygen in the Greenland ice cores as a climate proxy, Wunsch found 
that although is was relatively accurate for central Greenland, when aligned with other 
locations a visual similarity would appear on the spectral graph, but that there was 
actually little statistical correlation; this occurred when comparing time periods of less 
than 900 years. While this does not disprove the hypothesis of a large impact of the D-O 
events, it cannot be used to support this assumption. There are three possible explanations 
for the disappearance of covariance for these periods less than 900 years. First, although 
both records have wide variability, it is primarily regional in character and there is no 
simple relationship between them. Second, the age-model (the calibration of age versus 
depth in the core) error has a larger influence on the short period variations than the long 
period ones. Third, different physical processes dominate the proxies at high frequency in 
the two separate locations, but they have roughly similar low spectral moments. Any of 
these factors could affect the lack of covariance between geographical locations. 
Subsequently, the assumption that there exist large-scale hemispheric correlations with 
the D-0 events is neither proven nor disproven. 

The heat flux associated with meridional overturning (the sinking and spreading of cold 
water and dispersion of heat) of the ocean has the most direct impact on the atmosphere 
in terms of oceanic circulation patterns. The contribution of the oceanic Northern 
Hemisphere to this pole-ward circulation falls very rapidly as heat is transferred to the 
atmosphere. At the 40* latitude North, the oceanic contribution is less than 25% of the 
atmospheric contribution. Hypothetically, if warming continues, and the Northern 
Atlantic is injected with fresh water from glacial melting, the meridional overturning 
circulation would be dramatically reduced, resulting in a D-O-like event. However, 
models attempting to construct this theoretical climate change have not been successful, 
mostly in that they have not taken into account the overlying wind field response to this 
event. Since much of the temperature flux of the North Atlantic is carried in the Gulf 
Stream, scenarios requiring wind shifts sufficient to shut it down are likely a physical 
impossibility because of the need to conserve angular momentum in the atmosphere. 
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Coupled models that have been claimed to show an atmospheric response to oceanic flux 
shifts are so simplified and lack adequate resolution that they cannot be skillfully 
integrated over the time periods required to describe true climatic time scales. Again, 
these models are only indicators of processes that can be operating but with no evidence 
that they dominate. 

While the abrupt climate changes in Greenland may not have occurred in other parts of 
the globe, there still is the question of why it occurred in Greenland. One apparent 
observation is that the D-0 events ceased in the Holocene and have been remarkably 
placid since. As such, the operative mechanism causing the D-0 events must have also 
disappeared. The answer is the disappearance of the Laurentide and Fennoscandian ice 
sheets. Two enormous mountain ranges of high albedo (reflection factor) were removed. 
In a study by Jackson (2000), he noted that small, regional changes in the ice sheet 
elevations had a large effect on the atmospheric stationary wave patterns. As a standing 
wave, the wind encountering the ice sheets had more than one equilibrium state. Major 
local climate change could appear with a slight shift in the wave pattern of the wind 
system. While the model for this hypothesis is rough, other studies have indicated great 
influence of the ice sheets on atmospheric scales as well. The body of these theories 
suggests that the most important and sensitive determinant of oceanic circulation is wind, 
and not the temperature flux. Similarly, the widely accepted view that D-0 events were 
of global impact and may occur as a result of recent warming is based on four 
assumptions, which in turn are based on ambiguous data and a high degree of uncertainty. 
As such, to make conclusions about such events would be imprudent without first 
addressing the uncertainties in the age-model as well a cautious reinterpretation of proxy 
signals. 
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Summary of The Spatial Extent of 2(f^ Century Warmth in the Context of the Past 
1200 Years by Timothy Osborn and Keith Briffa (2006) 

In this article Osborn and Briffa review past work on proxy-based climate reconstruction 
in an attempt to assess if the claim that the late 20^ century was the warmest period 
during the past millennium is supported. Whether or not this claim is supported depends 
on the comparison of recent instrumental temperature records with the earlier proxy- 
based temperature reconstructions. This comparison is only valid if it takes an account of 
the uncertainties associated with interpreting a specific reconstruction as an estimate of 
the actual temperature. Some of the reviewed studies do not provide a reconstruction of 
the entire millennia and some do not estimate the uncertainty in an appropriate manner 
assessing the significance of late 20^ century warmth. Osborn and Briffa focus on three 
studies that meet the criteria of a formal quantitative comparison of late 20* century 
temperatures against reconstructed temperatures for the past millennia. These studies are 
Mann et al. 1999, Mann and Jones 2003, and Jones, Osborn and Briffa 2001. While all of 
these studies supported the claim of unprecedented temperatures in the 20* century and 
published uncertainties associated with proxy reconstructions above the 95% uncertainty 
range, the Intergovernmental Panel on Climate Change (IPCC) concluded that this claim 
could only be made with a 66 to 90% confidence because of un-quantifiable error that 
may arise from the proxies in the dataset. Osborn and Briffa conduct their own analysis 
of the proxy data of Mann et al. 1999 by smoothing the data and simply counting the 
fraction of records with values that exceed one or two standard deviations from the mean. 
The differences between pairs of these fractional exceedance time series (or the fraction 
of records at least one standard deviation above the mean minus the fraction of records 
with at least one standard deviation below the mean) were also analyzed. The highest 
positive deviations occur in the late 20* century, even far exceeding those of the mid-20* 
century. 

The instrumental temperature results show a close correspondence with the proxy 
records, especially for the early 20* century increase and variations during 1930-1975. 
Additionally, the multi-decadal intervals support the concepts of the medieval warming 
period and Little Ice Age period. However, the dates of onset are vague and the analysis 
geographically restricted. The most conclusive finding is that the 20* century is the most 
anomalous interval in the entire period of analysis, including significant positive 
extremes in the proxy records. 
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TAB 11 


From Intergovernmental Panel on Climate Change First Assessment Report, 1990 
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7.1 Introduction 

This Section focuses on changes and variations in the 
modern climate record. To gain a longer term perspective 
and to provide a background to the di.scussion of the 
palaeo-analogue forecasting technique in Section 3, 
variations in palaeo-climate are also described. Analyses of 
the climate record can provide important information about 
natural climate variations and variability. A major 
difficulty in using observed records to make deductions 
about changes resulting from recent increases in 
greenhouse gases (Sections I and 2) is the existence of 
natural climatic forcing factors that may add to, or subtract 
from, such changes. Unforced internal variability of the 
climate system will also occur, further obscuring any signal 
induced by greenhouse gases. 

Observing the weather, and converting weather data to 
information about climate and climate change, is a very 
complex endeavour. Virtually all our information about 
modem climate has been derived from measurements 
which were designed to monitor weather rather than 
climate change. Even greater difficulties arise with the 
" oxy data (natural records of climate-sensitive 
enomena. mainly pollen remains, lake varves and ocean 
sediments, insect and animal remains, glacier termini) 
which must be used to deduce the characteristics of climate 
before the modem instrumental period began. So special 
attention is given to a critical discussion of the quality of 
the data on climate change and variability and our 
confidence in making deductions from these data. Note that 
we have not made much use of several kinds of proxy data, 
for example tree ring data, that can provide information on 
climate change over the last millennium. We recognise that 
these data have an increasing potential; however their 
indications are not yet sufficiently easy to assess nor 
sufficiently integrated with indications from other data to 
be used in this report. 

A brief discussion of the basic concepts of climate, 
climate change, climate trends etc, together with references 
to material containing more precise definitions of terms, is 
found in the Introduction at the beginning of this Report. 

7.2 Palaeo-Climatic Variations and Change 
7.2.1 Climaie Of The Past 5,000,000 Years 

Climate varies naturally on all time scales from hundreds 
of millions of years to a few years. Prominent in recent 
Earth's history have been the 100,(X)0 year Pleistocene 
glacial-interglacial cycles when climate was mostly cooler 
than at present (Imbrie and Imbrie, 1979). This period 
'an about 2,000,000 years before the pre.sent time (BP) 
J was preceded by a wanner epoch having only limited 
glaciation, mainly over Antarctica, called the Pliocene. 
Global surface temperatures have typically varied by 5-7’C 


through the Pleistocene ice age cycles, with large changes 
in ice volume and sea level, and temperature variations as 
great as IO-15'C in some middle and high latitude regions 
of the Northern Hemisphere. Since the beginning of the 
current interglacial epoch about 10,000 BP, global 
temperatures have fluctuated within a much smaller range. 
Some fluctuations have neverthele.ss lasted several 
centuries, including the Little Ice Age which ended in the 
nineteenth century and which was global in extent. 

Proxy data clearly indicate that the Earth emerged from 
the last ice age 10,000 to 15,000 BP (Figure 7.1). During 
this glacial period, continental -size ice sheets covered 
much of North America and Scandinavia, and world sea 
level was about 120m below present values. An important 
cause of the recurring glaciations is believed to be 
variations in seasonal radiation receipts in the Northern 
Hemisphere. The.se variations are due to small changes in 
the distance of the Earth from the sun in given seasons, and 
slow changes in the angle of the till of the Earth's axis 
which affects the amplitude of the seasonal insolation. 
The.se "Milankovitch” orbital effects (Berger, 1980) appear 
to be correlated with the glacial-interglacial cycle since 
glacials arise when solar radiation is least in the 
extratropical Northern Hemisphere summer. 

Variations in carbon dioxide and methane in ice age 
cycles are also very important factors; they served to 
modify and perhaps amplify the other forcing effects (see 
Section 1). However, there is evidence that rapid changes 
in climate have occurred on time scales of about a century 
which cannot be directly related to orbital forcing or to 
changes in atmospheric composition. The most dramatic of 
these events was the Younger Dryas cold episode which 
involved an abrupt reversal of the general warming trend in 
progress around 10,500 BP as the last episode of 
continental glaciation came to a close. The Younger Dryas 
was an event of global .significance; it was clearly observed 
in New 2:ealand (Salinger, 1989) though its influence may 
not have extended to all parts of the globe (Rind et al.. 
1986). There is, as yet, no consensus on the reasons for this 
climatic reversal, which lasted about 500 years and ended 
very suddenly. However, because the signal was strongest 
around the North Atlantic Ocean, suggestions have been 
made that the climatic reversal had its physical origin in 
large changes in the sea surface temperature (SST) of the 
North Atlantic Ocean. One possibility is that the cooling 
may have resulted from reduced deep water production in 
the North Atlantic following large-.scale melting of the 
Laureniide fee sheet and the resulting influx of huge 
amounts of low density freshwater into the northern North 
Atlantic ocean (Broecker et al., 1985), Consequential 
changes in the global oceanic circulation may have 
cKTCurred (Street-Perrott and Perron, 1990) which may have 
involved variations in the strength of the thermohaline 
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circulation in the Atlantic. This closed oceanic circulation 
involves northward flow of water near the ocean surface, 
sinking in the sub-Arctic and a return flow at depth. The 
relevance of the Younger Dryas to today’s conditions is that 
it is possible that changes in the ihermohaline circulation of 
a qualitatively similar character might occur quite quickly 
during a warming of the climate induced by greenhouse 
gases. A possible trigger might be an increase of 
precipitation over the extratropical North Atlantic 
(Broecker, 1987), though the changes in ocean circulation 
arc most likely to be considerably smaller than in the 
Younger Dryas. Section 6 gives further details. 

The period since the end of the la.st glaciation has been 
characterized by small change.s in global average 
temperature with a range of probably less than 2*0 (Figure 
7,1), though it is still not clear whether ail the fluctuations 
indicated were truly global. However, large regional 





Figure 7.1: Schematic diagrams of global temperature variations 
since the Pleistocene on three time-scales: (a) the last million 
years, (b) the last ten thousand years, and (c) the last thousand 
years. The dotted line nominally represent.s conditions near the 
beginning of the twentieth century. 
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changes in hydrological conditions have occurred, par- 
ticularly in the tropics. Wetter conditions in the Sahara 
from 12,000 to 4,000 years BP enabled cultural groups to 
survive by hunting and fishing in what are today almost the 
most arid regions on Earth. During this time Lake Chad 
expanded to become as large as the Caspian Sea is today 
(several hundred thousand km2. Grove and Warren, 1968). 
Drier conditions became established after 4,000 BP and 
many former lake basins became completely dry (Street- 
Perrot and Harrison, 1985). Pollen sequences from lake 
beds of northwest India suggest that periods with subdued 
monsoon activity existed during the recent glacial 
maximum (Singh et al., 1974), but the epoch 8,000 to 2,500 
BP experienced a humid climate with frequent floods. 

There is growing evidence that worldwide temperatures 
were higher than at present during the mid-Holocene 
(especially 5,000-6,000 BP), at least in summer, though 
carbon dioxide levels appear to have been quite similar to 
tho.se of the pre-industrial era at this time (Section 1 ). Thus 
parts of western Europe, China. Japan, the eastern USA 
were a few degrees warmer in July during the mid- 
Holocene than in recent decades (Yo.shino and Urushibara, 
1978; Webb et al., 1987; Huntley and Prentice, 1988; 
Zhang and Wang, 1990). Parts of Australasia and Chile 
were also warmer. The late tenth to early thirteenth 
centuries (about AD 950-1250) appear to have been 
exceptionally warm in western Europe, Iceland and 
Greenland (Alexandre 1987; Lamb, 1988). This period is 
known as the Medieval Climatic Optimum. China was, 
however, cold at this time (mainly in winter) but South 
Japan was warm (Yoshino, 1978). This period of 
widespread warmth is notable in that there is no evidence 
that it was accompanied by an increase of greenhou.se 
gases. 

Cooler episodes have been associated with glacial 
advances in alpine regions of the world; such "neo-glacial" 
episodes have been increasingly common in the last few 
thousand years. Of particular interest is the most recent 
cold event, the "Little Ice Age", which resulted in extensive 
glacial advances in almost all alpine regions of the world 
between 150 and 450 years ago (Grove. 1988) so that 
glaciers were more extensive 100-200 years ago than now 
nearly everywhere (Figure 7.2). Although not a period of 
continuously cold climate, the Little Ice Age was probably 
the coolest and most globally-exiensive cool period since 
the Younger Dryas. In a few regions, alpine glaciers 
advanced down-valley even further than during the last 
glaciation (for example, Miller, 1976). Some have argued 
that an increase in explosive volcanism was responsible for 
the coolness (for example Hammer, 1977; Porter, 1986); 
others claim a connection between glacier advances and 
reductions in solar activity (Wigley and Kelly, 1989) such 
as the Maunder and Sporer solar activity minima (Eddy, 
1976), but see also Pittock (1983). At present, there is no 






551 


7 Ohscrved Climate Variation and Change 



Year 


Figure 7.2: Worldwide glacier termini fluctuations over the last 
three centuries {after Grove. 1988. and other sources). 


agreed e.Kplanation for lhe.se recurrent cooler ept-sodes. The 
Little ice Age came to an end only in the nineteenth 
century. Thus some of the global warming since 1850 
could be a recovery from the Little Ice Age rather than a 
direct result of human activities. So it is important to 
recognise that natural variations of climate are appreciable 
and will modulate any future changes induced by man. 

7.2.2 Palaeo-Climate Analogues from Three Warm 
Epochs 

t hree periods from the past have been suggested by 
Mudyko and Tzrael (1987) as analogue.s of a future warm 
rlinntle. For the second and third periods listed below, 
liuvvever, it can be argued that the changed seasonal 
distribution of incoming solar radiation existing at those 
I lines may not necessarily have produced the same climate 
IS would result from a globally-averaged increase in 
■ivcnhouse gases. 

I) The climate optimum of the Pliocene (about 
.L3()().(KM) to years BP). 
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2) The Eemian interglacial optimum (125,000 to 
I30,{KX) years BP). 

3) The mid-Holocene (5.(XK) to 6.0(X) years BP). 

Note that the word "optimum" is used here for 
convenience and is taken to imply a warm climate. 
However such a climate may not be "optimal" in all senses. 

7.2.2 / Pliocene climatic optimum (about JJOO.OOO to 
4JOO.OOO BP) 

Reconstructions of summer and winter mean temperatures 
and total annual precipitation have been made for this 




Figure 7.3: (a) Departures of summer air temperature (’C) from 
mtxlem value.s for the Pliocene climatic optimum (4..^ lo 3.3 
million years BP) (from Budyko and krael. 1987). 

(b) Dcpiimires of annual precipitation (mm) from modern values 
for ihc Pliocene climatic optimum (from Budyko and Drael. 1987; 
IVshy and Velichko. b>90). 
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Georgetown University Law Center 
Institute For Public Representa tion 


David C. Vladeck 
Director 


600 New Jersey Avenue. NW, Suite 3 1 2 
WashingtOTi, DC 20001-2075 
Telephone: 202-662-9535 
TDD; 202-662-9538 
Fax; 202-662-9634 


July 13, 2006 


By Telecopier (202/'225-1919) and US Mail 

Peter Spence 
Mark Paoietta 

House Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington, DC 20515 

Dear Peter and Mark: 

I am writing because I did not hear back from you yesterday afternoon about the 
committee’s scheduling of a hearing on climate control issues for next week. Peter had 
contacted me on Friday, July 9, 2006, to extend an invitation to my client, Michael E. Mann, 
Ph.D., to appear before a committee hearing on July 19. On Tuesday, July 1 1, 1 informed Peter 
that Dr. Mann would be unable to attend a hearing on July 19 because of prior commitments. I 
also informed Peter that Dr. Mann had identified two climate control scientists who would be 
willing to appear instead of Dr. Mann and that both scientists would be able to fully respond to 
any questions members of the committee may have. Peter asked me to check whether Dr. Mann 
would be available later in the month. I did so. Early yesterday afternoon, during a conference 
call, I informed you that Dr. Mann would be available on certain dates in July and August. Mark 
said that the committee would consider moving the hearing date and that I would be told by the 
close of business yesterday whether the hearing would, in fact, be moved. I have heard nothing 
since. 


I realize that the scheduling of a hearing is a complicated process and that perhaps you’ve 
been unable to finalize a hearing date. 1 do, however, want to make two points clear in the 
interim. First, as noted, prior commitments will make it impossible for Dr. Mann to attend the 
hearing if it is held on July 19. Second, if the hearing goes forward on the 19th, he would urge 
the committee to hear from other climate control scientists who are fully familiar with his work 
and who would be fully able to respond to any question that the committee or its staff might have 
concerning his work. The two scientists are both well known in their field: Dr. Thomas 
Crowley of Duke University and Dr. Caspar M. Ammann of the National Center for 
Atmospheric Research. Dr. Mann has communicated with Dr. Crowley and Dr. Ammann and 
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both would be available to appear before the Committee on July 19. Their contact information 
is set forth in the margin to this letter.* 

As we’ve made clear in the past, Dr. Mann stands ready to assist the committee in its 
important work. 


Sincerely, 

Is/ 

David C. Vladeck 
Attorney for Dr. Mann 


* Dr. Thomas J. Crowley 

Nicholas Professor of Earth Systems Science 

Duke University 

313 Old Chemistry 

Box 90227 

Durham, NC 27708 

(919) 681-8228 


Dr. Caspsar M. Ammann 

National Center for Atmospheric Research 

Climate and Global Dynamics Division 

1 850 Table Mesa Drive 

Boulder, CO 80307-3000 

(303) 497-1705 
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Georgetown University La w Center 

Institute For Public Representa tion 


David C. Vladeck 
Director 


600 New Jersey Avenue, NW, Suite 312 
Washington, DC 20001-2075 
Telephone; 202-662-9535 
TDD: 202-662-9538 
Fax: 202-662-9634 


July 14, 2006 


By Telecopier (202/225-1919) and US Mail 

Peter Spence 
Mark Paoletta 

House Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington, DC 20515 

Dear Peter and Mark: 

I am writing to respond to your proposal, made for the first time yesterday, that the 
committee proceed with its hearing on climate change in two phases: first, holding a full-scale 
hearing on July 19* to hear testimony critical of the work of Dr. Michael E. Mann and his 
colleagues, even though you knew, prior to finalizing the hearing schedule, that Dr. Mann is 
unavailable on July 19*; and second, holding a follow-up hearing on July 27* with just Dr. 

Mann and Ed Wegman as witnesses. Having read today’s editorial in the Wall Street Journal^ I 
find this proposal unacceptable for two reasons. 

First, I am concerned that this proposal is grossly unfair to Dr. Mann. As Dr. Mann has 
made clear throughout, he is willing to appear before the committee and participate in a full and 
fair hearing. Unfortunately, the committee did not contact Dr. Mann until late in the afternoon of 
Friday, July 9*. While Dr. Mann is unavailable to testify next week, he provided several 
alternative dates in July and August on which he is available. He also suggested two scientists 
who could testify on his behalf if the committee chose to proceed on July 19*. It is now clear, 
however, that the hearing on July 19* is not focused solely on understanding the science of 
climate change generally, or even the field of paleo-reconstruction specifically, but is instead 
designed to receive testimony critical of the work of Dr. Mann and his colleagues. This concern 
is heightened by the editorial in today’s Wall Street Journal which provides a detailed account 
of Wegman’ s report. In light of this revelation, it is mystifying that the committee gave Dr. 

Mann so little notice of the hearing and decided to schedule the hearing for a date it knew he was 
unable to testify, and then propose a second hearing to question Dr. Mann about issues addressed 
at the first hearing. 


555 


- 2 - 

This is just not the way we do things in the United States. It is a bedrock principle of 
American jurisprudence, enshrined in the Sixth Amendment and elsewhere, that the right to 
confront one’s critics — at the time the criticism is made — is fundamental. The Wall Street 
Journal editorial makes it evident that Ed Wegman and others believe that the work of Dr. Mann 
and his colleagues is flawed. To be sure, they are entitled to their views. But because Dr. Mann 
is unavailable on July 19*, he will not be able to confront directly witnesses who will come 
before the committee to criticize his work. Being required to respond at a later date to 
accusations or claims he did not hear is simply unreasonable. 

These concerns are heightened by today’s Wall Street Journal editorial, which raises 
questions about the goals of the hearing. Although the committee has suggested that it intends to 
hold this hearing to delve more deeply into the scientific questions surrounding the “Hockey 
Stick” temperature studies, it is now apparent from the Wall Street Journal editorial that the 
questions Wegman raises are not strictly ones of science. Wegman’s study was not peer 
reviewed, it was not prepared by academics who are experts in climate studies, and, it does not 
even appear to acknowledge the recent report by the National Academy of Sciences/National 
Research Council which examined the findings of Dr. Mann and others. This omission is 
striking since the NAS/NRC report was prepared at Congress’ direction. Wegman argues that 
there are statistical flaws that undermine the conclusions drawn by Dr. Mann and his colleagues. 
But the National Academy had two expert statisticians on its panel. Dr. Peter Bloomfield, 
Professor, North Carolina State University, and Dr. Douglas Nychka, Senior Scientist, National 
Center for Atmospheric Research, and the NAS/NRC report rejected precisely those claims. 
Unlike Wegman who has no expertise in climate studies. Dr. Bloomfield and Dr. Nychka have 
worked for decades as statisticians engaged in climate studies. To compound the problem, 
Wegman’s paper appears to simply rehash the already discredited criticism of the work of Dr. 
Mann and his colleagues by Steve Mclntiy^e and Ross McKitrick. The NAS/NRC report 
exhaustively reviews those criticisms and finds that they lack merit. 

Please let me know if you have questions or would like to discuss this matter further. 


Sincerely, 

Is/ 

David C. Vladeck 

Attorney for Dr. Michael E. Mann 
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Spencer, Peter 

f v 

tw. ^ 

Subject: 


Yasmin Said [ysaid|BHIHBH| 
Tuesday. July 18. 2006 6:54 PM 
Spencer, Peter 

FW: Re: Upcoming Congressional Testimony 


>Froai: 
>To; ' 




endersrobinso 
'Edward Wegman” 



EivNoUi 


>Subject: Re: Upcoming Congressional Testimony 
>Date: Tue, 18 Jul 2006 22:46:15 -t-OOOO 
> 

>July 17, 2006 
> 

>To whom it my concern: 

> , '■ 

>I have read the report to Chairman Barton and to Chairman Whitfield 
>entitled AD HOC COMMITTEE REPORT ON THE "HOCKEY STICK" GLOBAL CLIMATE 
>RECONSTUCTION by Edward J. Wegman, David W. Scott, and Yasmin H. Said. 
>In what follows this work of Wegman, Scott and Said is simply referred 
>to as the Report. 

> 

>The assessment of previous results given in the Report is correct. The 
>Report is entirely correct in stating that the most rudimentary 
>additive model (the model of a single ten^rature signal with 
>superiii^osed noise) is not adequate to describe the complex 
>relationships involved in climate dynamics. There is no physical 
>process fotind in nature that does not involve feedback in one form or 
>another to regulate the action of the system. The statistical methods 
>and models described in the Report use more variables and make possible 
>the construction of more elaborate reconstructions that allow feedback 
>and interactions. The Report represents the correct way to proceed. It 
*‘is especially important to bring the professional statistical community 
»-into the picture in order to assure that a sound analytical foundation 
secured in the continuing development of this program. 

>Wnat has gone on in the past studies is not unusual in science. Many 
»approaches are taken, nearly all of which contribute to understanding. 
•■The present Report represents a turning point, which was sure to come 
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>at one point or another. The turning point results in an assessment of 

>past results, and the inclusion of workers frcmi other disciplines t:o 

>fill in gaps and bring the entire endeavor up to the highest scientific standards. 

>We are indebted to the present Report for taking this step. 

* would like to mention that the authors of the Report have l<mg 

perience in the construction of statistical models for environmental 
>studies. No research workers are better qualified in every sense than. 

>they are to deal with the problem at hand. 

> 

>Sincerely, 

> 

> 

>Enders A. Robinson 
> 

>Professor Emeritus in the Maurice Ewing and J. Lamar Norzel Chair 
>D€partment of Earth and Environmental Engineering Columbia University, 

>New York, NY 10027 
> 

>Member of the National Academy of Engineering of the USA 
> 

>Fellow of the European Academy of Sciences 


> Original mess age 

>From: "Edward Wegman" <ewegmanVBHHHl^ 

> > Dear All, tUWcA. 

> > As many of- you know,-~last -Septen^er- I was- approached by a 

> > Congressional staffer concerning doing an independent review of some 

> > statistical 
>issues 

> > related to the so-called "Hockey Stick" temperature profile that was 

K published in ^Nature" in 1996 and featured prominently in the 

Intergovernmental Panel on Climate Change's "Climate Change 2001: 

The Scientific Basis." This U.N. report was used widely to support 
> > the Kyoto Accord. The "hockey stick" graphic was also featured in A1 
> > Gore ' s film, 

>"An 

> > Inconvenient Truth. "Along with Drs. David Scott and Yasmin Said, I 
> > undertook to investigate the mathematics/statistics associated with 
> > the "hockey stick" papers. John Eligsby, a recent graduate with a 
> > M.S. in Statistical Science and a Ph.D. student in the College of 
> > Science, and Denise Reeves, a Ph.D. student in the Volgenau SchooX 
> > also contributed 
>to 

> > our report. The incovenient truth is that the hockey stick is an 
>artifact of 

> > a laisuse of statistical methodology. Our report was released by 
> > Congress this morning and is available online at 

> > http : //energycommerce . house . gov/108 /hc»Be/07142006_Wegman_Report .pdf . 

> > The House Committee on Energy and Commerce press relea8e~'is 
> > available at 

> > http://energycoinmerce.house.gov/108/New8/07142006_1989.htm. A fact 
>sheet is 
> > available at 

> > http; //energycommerce. house. gov/108/home/07142006 Hegman_fact_sheet.pdf. 
> > Finally, our report was the subject of a Wall Street Journal 
> > editorial 
>this 

> > morning, which is available at 

> > http://energycoramerce.house.gOv/108/News/07142006_1990.htm. 

IP Our testimony is scheduled for 10:00 am on July 19, 2006 and wil l>e 


» > web live and other media . The essence of our report was given as a 

2 
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Jceynote 

> address at the NASA Workshop on Data Mining, May 23, 2006 and as a 
keynote 

> address at the Syiqposium on the Interface of C<»Dputing Science and 

• Statistics on May 25, 2006. It was also briefed to the Board of 
^tors of 

the American Statistical Association. We are also tentatively 
> scheduled 
for 

> a second round of testimony at a date to be announced. This has been 
> a really interesting effort that has consumed enormous amounts of time. 
> 

> Cheers, 


> Ed Wegman 
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TAB 15 Hockey Stick Hokum 


1 “ t is rouffiiemese days to read in newspapers 
or hear-almost anywhere the subject of cli- 
mate change comes up-that the 1990s were 
the “warmest decade in a millennium” and that 
1998 was the warmest year in the last 1,000. 

This assertion has become so accepted that 
it is often recited without qualification, and 
even without giving a source for the “fact. ” But 
a report soon to be released by the House En- 
ergy and Commerce Committee by three inde- 
pendent statisticians underlines yet again just 
how shaky this “consensus” view is, and how 
recent its vintage. 

The claim originates from a 1999 paper by pa- 
leoclimatologist Michael Mann. Prior to Mr. 
Mann’s work, the accepted view, as embodied in 
the U.N.’s 1990 report from the Intergovernmen- 
tal Panel on Climate Change (IPCC), was that 
the world had undergone a warming period in 
the Middle Ages, followed by a mid-millennium 
xold spell and a subsequent warming period- 
the current one. That 5 ' 


errors that call his conclusions into doubt. Fur- 
ther, Professor Wegman’s report upholds the 
finding of Messrs. McIntyre and McKitrick that 
Mr. Mann’s methodology is biased toward pro- 
ducing “hockey stick” shaped graphs. 

Mr. Wegman and his co-authors are careful to 
point out that doubts about temperatures in the 
early part of the millennium do not call into ques- 
tion more-recent temperature increases. But as 
you can see looking at these two charts, it’s all 
about context. In the first, the present falls eas- 
ily within a range of natural historical variation. 
The bottom chart looks alarming and discontinu- 
ous with the past, which is why global-warming 
alarmists have adopted it so eagerly. 

In addition to debunking the hockey stick, 
Mr. Wegman goes a step further in his report, 
attempting to answer why Mr. Mann’s mis- 
takes were not exposed by his fellow climatolo- 
gists. Instead, it fell to two outsiders, Messrs. 
McIntyre and McKitrick, to uncover the errors. 

- Mr. Wegman 


consensus, as shown in Clllliate 

the first of the two . 


brings to bear a tech- 
nique called social-net- 


IPCC-provided graphs « — 

nearby, held that the c 

Medieval warm period J / v 

was considerably | 

warmer than the * I Mtditwi 
present day. I . 

Mr. Mann’s 1999 pa- J ' mt AP — ' — 
per eliminated the Me- ^ 
dieval warm period . — . , . . v 

from the history books, ttm 

with the result being ^ — 

the bottom graph you i 

see here. It’s a man- | • . jij.i n i 

made global-warming f 

evangelist’s dream, I <4 ^ 

with a nice, steady tern- ^ 

perature oscillation 

that persists for centu- 

lies followed by a dra- * • 

made climb over the past century. In 2001^ the 

IPCC replaced the first graph with the secoftd in 

its third report on climate change, and since 

then it has cropped up all over the place. A1 

Gore uses it in his movie. 


— . — ^ work analysis to exam- 

ine the community of 
utdciccAie climate researchers. 

yz i His conclusion is that 

v/X. the coterie of most fre- 

quently published cli- 
> --iJ — ‘ isi-r k matologists is so insu- 

iswAD I9MAD lar and close-knit that 
^ no effective indepen- 

. dent review of the 

work of Mr. Mann is 

j likely. “As analyzed in 

m our social network,” 

' Mr. Wegman writes, 
: “there is a tightly knit 

1 group of individuals 

«jo‘ ‘ fuoo ■ ■ 20 U 0 who passionately be- 

iMtownr ^ thesis.” 

He continues; “How- 
ever, our perception is that this group has a self- 
reinforcing feedback, mechanism and, more- 
over, the work has been sufficiently politicized 
that they can hardly reassess their public posi- 
tions without losing credibility.” 


The trouble is that there’s no reason to be- 
lieve that Mr. Mann, or his “hockey stick” 
graph of global temperature changes, is right. 
Questions were raised about Mr. Mann’s paper 
almost as soon as it was published. In 2003, two 
Canadians, Ross McKitrick and Steven McIn- 
tyre, published an article in a peer-reviewed 
journal showing that Mr. Mann’s methodology 
could produce hockey sticks from even ran- 
dom, trendless data. 

The report commissioned by the House En- 
ergy Committee, due to be released today, backs 
up and reinforces that conclusion. The three re- 
searchers -Edward J. Wegman of George Ma- 
son University, David W. Scott of Rice Univer- 
sity and Yasmin H. Said of Johns Hopkins Uni- 
versity-are not climatologists; they’re statisti- 
cians. Their task was to look at Mr. Mann’s 
methods from a statistieal perspectiveJSd as- 
sess their validity. Their conclusion is that Mr. 
Mann’s papers are plagued by basic statistical 


In other words, climate research often more 
closely resenibles a mutual-admiration society 
than a competitive and open-minded search for 
scientific knowledge. And Mr. Wegman’s social- 
network graphs suggest that Mr. Mann himself- 
and his hockey stick-is at the center of that 
network. 

Mr. Wegman’s report was initially re- 
quested by the House Energy Committee be- 
cause some lawmakers were concerned that 
major decisions about our economy could be 
made on the basis of the dubious research em- 
bodied in the hockey stick. Some of the more 
partisan scientists and journalists howled that 
this was an attempt at intimidation. But as Mr. 
Wegman’s paper shows. Congress was right to 
worry; his conclusions make “consensus” look 
more like group-think. And the dismissive reac- 
tion of the climate-research establishment to 
the McIntyre-McKitrick critique of the hockey 
stick confirms that impression. 


The Wall Street Journal, July 14, 2006 
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ESI Special Topics, July 2002 
Citing URL: http://www.esi-topics.com/fmf/july02-MichaelMann.html 


From •>> Julv 2002 


Professor Michael E. Mann answers a few questions about about 
this month 's fast moving front in Geosciences, 

Field: Geosciences 

Title: "Global-scale temperature patterns and climate forcing over 
the past six centuries" 

Authors: Mann, ME;Bradley, RS;Hughes, MK 

Journal: NATURE, 392: (6678) 779-787 APR 23 1998 

Addresses: Univ Massachusetts, Dept Geosci, Amherst, MA 01003 USA. 

Univ Massachusetts, Dept Geosci, Amherst, MA 01003 USA. 

Univ Arizona, Tree Ring Res Lab, Tucson, AZ 85721 USA. 

ST Why do you think your paper is highly cited? 

I believe our '98 Nature article is highly cited because it establishes a new 
line of evidence, independent of the predictions of theoretical climate 
models, for the assertion that human beings are responsible in large part for 
20th century global warming. 

ST Does it describe a new discovery or new methodology that's useful to 
others? 


Our paper presented a novel multivariate statistical approach for assimilating 
the information contained In disparate "proxy" indicators of past climate 
change (natural archives such as tree rings, corals, and Ice cores, which by 
their very nature record past climate changes 
at the annual timescale). Our methodology 
allowed this information to be synthesized and 
compared to modern instrumental climate 
records, allowing us to reconstruct large-scale 
patterns of surface temperature changes in 
the past, and, importantly, providing an 
estimate of the uncertainties inherent In the 
reconstructions. 
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Page 2 of 3 


ST Could you summarize the significance of your paper in layman's terms? 

Our paper established that the large-scale global warming which took place 
in the latter part of the 20th century is unprecedented over a fairly long 
period of geological time. The now oft-cited assertion that "the 1990s are the 
warmest decade of at least the past 1000 years" is attributable to our '98 
Nature article (which established the result for the last 600 years) along with 
an extension of our work (which extended this conclusion to the past 1000 
years) which we published in the journal "Geophysical Research Letters" In 
1999. Our Nature article established that the warmth of the 1990s was 
outside the range of variability as Indicated in our reconstruction of past 
Northern Hemisphere temperature variations, taking the uncertainties in the 
reconstruction into account. The paper also showed, from a statistical point 
of view, that the recent warming could not be explained In terms of "natural" 
influences (such as changes in solar output or explosive volcanic activity), 
but could only be explained in terms of anthropogenic factors (specifically, 
the increase of greenhouse gas concentrations due to modern industrial 
activity). 

ST; How did you become involved in this research? 

My Ph.D. dissertation {Department of Geology & Geophysics, Yale University) 
involved the development of statistical techniques for detecting "signals" in 
climate data. This work was limited to an analysis of the instrumental record, 
which only provides widespread spatial coverage over the globe for roughly 
the past century. My interest in extending such analyses to longer timescales 
inevitably led me to seek other sources of climate information, namely, 

"proxy" climate data sources of the sort discussed above. As I began to seek 
out scientists with expertise in this area to collaborate with in this 
undertaking, I had the good fortune to meet up with two top-notch 
paleoclimatogists in particular: Professor Raymond Bradley at the University 
of Massachusetts, and Professor Malcolm Hughes at the University of 
Arizona. Supported by a postdoctoral fellowship from the Department of 
Energy, and a grant from the National Science Foundation "Earth Systems 
Research" program, I collaborated with Bradley and Hughes on the scientific 
problem of reconstructing past climate changes from "proxy" climate data, 
for my postdoctoral research.!! 

Professor Michael E. Mann, 

Department of Environmental Sciences, 

Clark Hall, University of Virginia, 

Charlottesville, VA 22903 


Fast Moving Fronts Comments Menu 
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ESI special Topics, July 2002 

Citing URL: http://www,esi-topics.corn/fmf/july02-MichaelMann,html 

- What's NEW in Research 


Send Special Topics to a Colleague 
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Fast Moving Fronts Comments by Michael Mann 


Page 3 of 3 


Special Topics is an editorial component of ISI Essential Science Indicators'*^. 
Visit other editorial components of ESI: "Science Watch®" and "in-cites." 

Write to the Webmaster with questions or comments about this site. Terms of Usage, 
(c) 2005 The Thomson Corporation. 
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TAB 17 scfffwcff 


The Cooling Worid 

There are ominous signs that the 
earth's weather patterns have begun to 
diange dramaticallv and that these 
dtanges may portend a drastic decline in 
food production — with serious political 
implications for just about every nation 
on earth. The drop in food output could 
begin quite soon, perhaps only ten years 
from now. The regions destined to feel 
its impact are the great wheat-producing 
lands of Canada and the U.S.S.R. in the 
north, along with a number of miuginally 
self-sufficient tropical areas — parts of In- 
dio. Paki.<itan, Bangladesh. Indochina 
and Indonesia — where the growing sea- 
son is dependent upon the rains brought 
by the monsoon. 

The crvidence in support of these pre- 
dictions has now begun to accumulate so 
massively that meteorologists arc hard- 


reduce agricultural productivity for the 
rest of the century. Ifthe climatic change 
is as profound as some of the pessimi^ 
fear, the resulting femines could be 
catastrophic. “A miyor climatic change 
would force economic and social adjust- 
ments on a worldwide scale." warns a 
recent report by the National Academy of 
Sciences, "because the ^obal patterns of 
food production and population diat 
have evolved are implidUy dependent 
on the climate of the present century." 

A survey complete last year by Dr. 
Murray Mitchell of the National Oceanic 
and Atmospheric Administration reveals 
a drop of half a degree in average ground 
temperatures in the Northern Hemi- 
sphere beh^'een 1945 and 1968. Accord- 
ing to George Kukla of Columbia Univer- 
sify, satellite photos indicated a sudden, 
large increase in Northern Hemisphere 
snow cover in the winter of l971-7£ And 


1 

ic change is at least as fragmentary as o« ! 
data," concedes the National Academy of . 
Sciences report. "Not only are the basic 
scientific questions largely unanswered, 
but in many cases we do not yet know 
enou^ to pose the key questions." 

E*lramaa: Meteorologists think that 
they can forecast the short-term resulb of 
the return to the norm of the last century. 
They begin by noting the slight drop ia 
over-all temperature that produces large 
numbers of pressure centers in the upper .. 
atmosidiere. These break up the smoodi !. 
flow of westerly uinds over tempente ; 
areas. The stagnant air produced in dus | 
way causes an increase in extremes of ; 
locw weather such as droughts, floods, } 
extended dry spells, long freezes, de-| 
layed monsoons and even local tempera-.] 
turc increases — all of which havea cliicct .< 
impact on fofid supplies. j 

"The world’s food-producing system,"] 
uaros Dr. James D. McOuiggofNOAA*s4 
Center for Climatic and Environmental! 
Assessment, "is much more sensitive to] 
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pressed to keep up with it. In England. 
i;irmers have seen their growing season 
decline by uImuiI two weeks since 1950, 
with a resultant over-all loss in grain 
production estimateil at up to 100.000 
tons uunually. During the .same time, the 
avenige tempeniture around the eipiator 
has risen by a fnictinii of a degree* — a 
fraction that in some ureas cun mcun 
drought and desolution. Lust April, in the 
most devastating outbreak of tornadoes 
ever recorded, 148 twisters killed more 
than 300 people and caused linlfa billion 
dollars’ worth of damage in thirteen U.S. 
states. 

Trand: To scienti.sts, these seemingly 
dis|>urate incidents repn-sent the a<l- 
vonce signs of fundamental changes in 
the world’s weather. The centra] fact is 
that after three quarters of a century of 
extraordinarily mild conditions, the 
earth’s cliiiuite seems to Ik* cooling 
down. Meteorologists disagree nlMuit the 
caii.se and extent of the ccxiling trend, os 
well as over its s|K*ciftc iiniract on hK-al 
weather conditions. But they are almost 
unanimous in the view that tlu* trend will 


a study released last month by two 
NO.\A scientists notes that the amount of 
sunshine reaching the ground in the 
continental U.S. diminished by 1.3 per 
cent bt-Kveen 1964 and 1972. 

To the layman, the relatively small 
changes in temperature and sunshine 
can Ik* highly misleading. Reid Bryson of 
tlK* University of Wisconsin {Kiints out 
that tin* earth’s average temperature dur- 
ing the great Ice Ages w'as onl}' about 7 
degrees lower tluin during its w'armest 
eras — and that the present tlecline has 
taken the planet ulMiiit a sixth of the w-uy 
toward the Ic-c Age average. Others 
regard the ccKiling as a reversion to the 
"little ice age" conditions tliut brought 
bitter winters to much of Europe and 
northern America between 1600 and 
1900— years wIk-ii the Thames iisetl to 
freeze so solidly that Lomloncrs naisted 
oxen on the ice and when icelmats sailed 
the Hudson River almost as fiir south as 
New York Cit>'. 

Just what causes the onset of major aiMl 
minor ice ages remains a mysten'. "Our 
knowledge of the mechanisms of clinuit- 


the weather vurvible than it was cve« 
five years ago." Furthennore, the growtli 
of world population and creation of new 
national iKiumkiries make it iinpossi^ 
for starving jKoples to migrate from their 
devustatef 1 fields, as they did during past 
femines. 

Climatologists are pessimistic that po-; 
litieui leaders will take any positive 
action to compensate for tlm climatic^ 
change, or even to allay its effects. They 
concede that some of the more spcctacih 
lur solutions proposed, such os meltii 
the arctic ice cap by covering it wi 
black siKit or diverting aatie rivei^. 
might create problems far grt*ater thu 
those they solve. But the scientists see 
few signs that government leaden any-, 
where are even prepared to take the 
simple measures of stockpiling food or of 
introducing the variables of climatic uif 
certainty into economic profections of 
future food supplies. Tlte longer the' 
planners delay, tlie mure diflicult wiD 
they find it to cope with climatic changg 
once the results Income grim reality. 

-mEROwvNNE tMmkwMuonnr 

Nrwwwrelu April 28« 1975^ 
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LOST CAPITAL 

Th» Greenlcnci ice sheet »htonk by 50 
cubic miles lost year Wore it to meh compietely, 
j«o levels would rise 20 feet-which svould 
leave lorge otoos of Woshington, D C., ieclvding. 
__Jhc, Moll foefweeri,!be liticpln Mertsof^l oruj 

— dia V^ryfiingtpn ?y^i;eviT;f»£it underwriter 






(W'BST-CASE SCENAXjlO, 

W *v; 

* «c«W dkth 2 *6 3 

■Tlw bt» 1WW »h* «of!h w(» ^ worm, M« 
wfitv 80 (eel htahei ikm toriay * S«c(' o Hvt, 
wthdi cewkf tok« Hefwfeftdt <rf y*K»4, *«m»W &»ov» 
teife el PiAanMton l«« ihe 


The administration “cherry-picked" 

THE SCIENCE ON CLIMATE CHANGE. 

“just like it cherry-picked the intelligence on 

M EAPONS OF MASS DESTRUCTION; 

: — says Paul O'NeilL^ 


567 




Huiikaiic Kauiiiu icfl iiuicli vl' New Or- 
Umo>^ iimirTwaUT, (A«cc« tl'.y.abcU» ll lw«i 
a private amvcreilinn wiifi I'rinv Minis, 
fci 1i»ny Bbn alwwii Oetuisc W, BuMi. TJic 
i>iu'cns inniiHon nl mrctin^ CMVC a vHick 
vv-kii Bnliiin ^ vHcvlcU lieail niksn-cninienl l<» 
»hv.‘uss ni.«lor. i»l st.iic usually Tucsil*^ 
everiines in llih-kin‘'h:im atwl alum's 
akHM;. U» .iii’.uiv uusiuuiiH mirKlgiiltUity 
(•*vs h.n k 111 l*>5? (i),' year she ase-ciKltfsl 
iJii; ihrtHW. In all ihn imu;, ilv connaiis I'l 
iSiosc v'lials liU'.'K il cwi ksikctl. 

Ni ti was exirartfiiinary when J oiukxis 
C^^mrur re(x«k'U. ixi <>cI<>Ih:i' .M. i«K>4. ituu 
ilw QsNsen luil ’“nwiiW .1 rare iiKei vtaiikHi iu 
wnrla fmlifu-s tu, <cliU\* Hkisr i>l her tyraviu 
ssnwvttis sAst the Wiiilc IkHtsua ataiicc on 
«k>haJ wiii'inins;” 7fc' <4iWw’> »Jkl lUH iuihk'' 
ila sonrec^ hsa »sI’ liwni flihja’iiiuaMly 
sjvikelo l*mii /'!«*' 

■ I h.' <.)iieen hrsr ol all iTuufc « clear that 
BuelhijL'Iuiin r‘alacc wikiUJ be kipfiv u> Mp 
f jn-ej awateitos alsAR Uie slinurtc pt'oljictu,'’ 
A*av< tlie ssMinav .1 hii'ivlm'l environineiKal 
c.HKal who was briefed alHUU llio UHivctHii* 
tK>n. 'tShe was) (hitinildy eoiKetiwd nbout 
ihc- Aniicrtoin p.>stnon and hoprirl ibe prime 
rniuisUn couki IwlpclaHysclkl;' 

Pnrss aides for boih the Queen and die 
prime nainisier riedined u» su«nm<wt no tlie. 
ineclii^ us is dieii liabk. Out days uAcr tlic 
(ih'd'^n'er M<vy appeared, tlw QKicen indeed 
mised cavorenexs b> pnskdinu over ilic npen- 
tfle of a Bi'kisli GeriiMn cOJiieretK-e on cli- 
mate chan^\ in hertiu I miAfv jnsf point 
out, ilials a ptvily unusua] ihitin for Ikt U> 
do ” says Sir David King. BriuinV ehief 
scientific iidviisa'. She dnesri t rake part in 
anytiiii:^ that wuuk: be uvvtUy iA>lkkitl.~ 
Kin»» wlm has briclcd the Queen wt dimsae 
change, would nol comment on the Of*' 
x'rfct report eveetrt to say. “If u wcie Uoc. it 
wnuMut surprise me.“ 

With spriug arriviua iu Euglund three 
weeks earikrr than it did 50 yenrs ago, the 
<7uaen mikl now see srgns ol' eltnvue d v'lnjjr 
witl) iiw ysvii eyes. Suiidt itgdsuii. Iicr cuuiilry 
estate ruxlh <>f London, overlooks Britain's 
premier hitxl-watchinp sp«>l: ihe \HM Nnrrh 
Sea wetlands kiK>wu as llie Wadi Hfekwig 
cHtitloorwonvin, the (>ntsen hud tlonbltess 
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observed the V-shaped Ikicks of (mk-Tooted 
geese that desoeod OQ the Wash every winter. 
But in teceot years, says Mark Avery, conser- 
vation director of the Royal Society for the 
Ptotectioa of Birds, she also would have seen 
a q)ecie$ new to the area: little ^ress. These 
shiny white birds are native to Southern Eu- 
rope, Avery $^, “but in the last S to 10 years 
tb^ have spr^ very rapidly to Northern 
Europe. We can't prove this is because of ris- 
ing temperatures, but it sure looks like it” 
Temperatures are rising, the Queen 
learned horn King and other scientists, be- 
cause greenhouse gases are trapi^ heat in 
the atmosphere. Carbon dioxi^. the most 
prevalent ^ such gases, is released vhenever 

fosal fuels are burned or forests catch fire. 
Global warming, the scientists explained, 
threatens to raise sea levels as much as three 
feet by the end of the 21st century, thanks to 
mehi^ glaciers and swollen oceans. (Water 
expands when heated.) 

This would leave much of eastern En- 
gland, including areas near Sandringham, 
underwater. Global wanning would also 
bring more heat waves like the one in the 
summer of 2003 that killed 31,000 people 
across Europe. It might even shut down the 
Gulf Stream, the flow of warm water from 
the Gulf of Mexico that gives Europe its 
mild climate. If the Gulf Stream were to 
hah-and it has already slowed 30 percent 
since 1992— Europe’s temperatures would 
plunge, agriculture would collapse, London 
would no longer fed like New Yoik but like 
AiKhoragc. 

T he Queen, says King, “got 
k” on dimate change, and 
she wasn’t alone. “Every- 
one in this country, frcmi 
the pditical parties to the 
scientific establishment, 
to die Ardibisbop of Can- 
terbury, to our oil compa- 
nies and the larger business community, has 
come to a pcqwlar consensus about cl i mate 
change— a sense of alarm and a conviction 
that action is needed now, not in the future,” 
says Tony Jun^, executive director of the 
British arm of the environmental group 
Friends of the Earth. 

At the time of his meeting with the 
Queen, Blair was bring attadttd on dimate 
change from all kleological sides, with even 
the Conservatives chaigiDg that be was not 
doing enough. Yet Blair’s statements on the 
issue went far beyond those of most world 
leaders. He had called the Kyoto Protocol, 
which has been ratified by 162 countries 
and requires industrial nations to reduce 
greenhouse-gas emissions 5 percent be- 
low 1990 levels, “not radical enough.” The 
world’s dimate scientists, Blair pointed out, 


had estimated that 60 percent cuts in emis- 
sions were needed, and he committed Brit- 
ain to reaching that goal by 2050. 

But it wouldn’t matter bow much Britain 
cut iu greenhouse-gas emissions if other 
natkms didn’t do the same. The U.S. was 
key, not only because it was the world’s 
largest emitter but because its refusal to 
reduce emissioos led China, India, Brazil, 
and other large devrioj^ countries to ask 
why they should do so. All this Blair had 
also said publicly. In 2001 he criticized the 
Bush administration for withdrawing from 
the Kyoto Protocol. In 2004 he said it was 
essential to bring the U.S. into the global ef- 
fort against dimate change, despite its op- 
position to Kyoto. 

It was no secret that Bush opposed man- 
datory emissions iimiis, but Blair, who had 
risked bis political future to back the deep- 
ly unpopular war in Iraq, was uniquely po- 
sitioned to lobby the president. Bush o>^ 
him one. At the same time, Blair needed to 
show his domestic audience that he could 
stand up to Bush, that be wasn't the presi- 
dential “poodle” his critics claimed. 

To compel Bush to engage the issue, 
Blair made dimate change a lead agenda 
item at the July 2005 meeting of the Group 

8, the alliance of the world’s right rich- 
est nations. A month before the meeting, 
whidi was held at Gleneagles, in Scotland, 
Blair flew to Washington to sec Bush face- 
to-face. That same day, the national acad- 
emies of science of all the G-8 nations, as 
well as those of China, India, and Brazil, 
released a joint statemem declaring that 
climate change was a grave problem that 
required immediate action. 

On the morning of July 7, the summit 
was interrupted by the shocking news that 
four suicide bombers had set off oqilosioas 
in London, killing 56 people. Blair rushed 
to the scene, but be return^ that night, still 
determined to secure an agreement. 

In the end, however, Bush held firm. 
Washington vetoed all references to man- 
datory emissions cuts or timelines, and the 
dimate-change issue was overshadowed tqr 
African debt relief, which bad been puNi- 
cized by Bob GridoTs Live 8 concerts. 

“There were no tough targets at Glen- 
eagles because we would not have got all 
signatures on the document,” says King, 
who adds, “We might well have” gotten 
seven— that is, every nation but the U.S. 
The farthest the G-8 leaders went-and 
even this required a battle, says King— was 
to include a sentence that read, in part, 
“While uncertainties remain in our un- 
derstanding of climate science, we know 
enough to act now.” 

But seven weeks later, nature acted first, 
and it was the United States she hk. 
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N o one can siQr for sure 
whether gtoM wamv 
ing caused Hurri- 
cane Katrina, which 
slammed into the Gulf 
Coast on August 29, 
2005. But it certainly 
fit the pattern. The sci- 
eotific rule of thumb is that one can never 
blame any one weather event on any sngle 
cause. The earth’s weather system is too 
compbifcwthat. Most scientists agree, how- 
ever, that global warming makes extra-strong 
hurricanes such as Katrina more likely be- 
cause it encourages hot oceans, a precon- 
dition of hurricane formation. 

“It’s a bit like saying, ‘My grandmother 
died of lung cancer, and she smoked for 
the last 20 years of her lift smoking killed 
her,’ ’’ explains Kerry Emanuel, a professor 
at the Massachusetts Institute {^Technolo- 
gy who has studied hurricanes for 20 years. 
“Well, the problem is, there are an awftil 
lot of people who die of hing cancer who 
never smoked. There are a lot of people 
who smoked all their lives and die of some- 
thing else. So all you can say. even (thou^l 
the evidence statistically is clear connecting 
lung cancer to smoking is that [the grand- 
mother] upped her probability.’’ 

Just weeks befine Katrina struck, Eman- 
uel published a paper in the scientific jour- 
rl Nature demonstrating that hurricanes 
jkI grown more powerful as global tem- 
peratures rose in tte 20lh century. Now, he 
says, by adding more greenhouse gases to 
the earth’s atmosphere, humans are “load- 
ing the climatic dice in favor of more power- 
ful hurricanes in the future.’* 

But most Americans heard nothing about 
Hurricane Katrina's association with global 
wanning. Media coverage instead reflected 
the views of the Bush administration-spe- 
cifically, the National Oceanic and Atmos- 
pheric Administration, which declared 
that the hurricane was the result of natural 
factors. An outcry frmn N.O.A.A.’s scien- 
tists led the agency to backtrack from that 
statement in Fetn'uary 2006, but by then 
conventional wisdom was set in place. Post- 
Katrina New Orleans may eventually be 
remembered as the first nu^ U.S. casualty 
^obal warming, yet most Americans still 
don’t know what hit us. 

Sad to say, Katrina was the perfect re- 
view of ^obal warming might look like 
in the 21st century. First, Katrina struck a 
cHy that was already below sea Icvd-which 
is where rising waters could put many coast- 
al dwellers in the years ahead, in 2001, the 

U-N.-spoosored Inlcrgovcramcn^ Panel on 

Climate Change (T.P.C.C.), a peer-reviewed, 
nternational collaboration among thou- 
sands of scientists that is the woild's leading 


authority on climate change, predicted that 
sea levels could rise as much as three feet 
by 2100. By coiiKidence, three foct is about 
how much New Orleans sank during the 
20th century. That was because levees built 
to keep the Mississippi River from flooding 
also kept the river from depositing siU that 
would have leplcnisbed the underlyiag land 
mass, explain.*; Mike Tidwell, the atrthor of 
Bayou Farewell The Rich Life and Tragic 
Death of Louisiana's Cajun Coast. "You 
could say that in New Orleans we brought 
the ocean to the people,” Tidwell adds, 
“which is pretty much what global warming 
will do to other cities in the future.” 

What’s more, Katrina was a Category 5 
hurricane, the strongest there is. Such cx- 
tretne weather events win likely become more 
trequent as global warming intensifies, says 
the I.P.C.C. Yes, Katrinak winds bad slowed 
to bigh-Cate^ory 3 Icvds by the tirne it itiade 
landfall, but it was the hurricane’s storm 
surge that killed people-a surge that fonricd 
in the Gulf of Mexico when the storm was 
still Category 5. Thus, Katrina unleashed 10 
to 15 feet rf water on a city that was already 
significantly bdow sea level. 

To envision global warming’s future im- 
pacts, the illustrations accompanying this 
artide reflect tlus and other scenarios. The 
three large-scale illustrations are an artist’s 
interpretations of projections generated for 
Vanity Fair by Applied Science Associates 
Inc. (appscLoomX a marine-science consalt- 
irtg firm based in Rhode Island. The projec- 
tkms do not accxHint for srnall-scalc features 
such as coastaHMOtection structures. 

The effects of a three-foot sca-levcl rise 
oompoundedbyastormsurgefiomaCat^O' 
ry 3 hurricane are shown in the irnage of the 
Hangxons, which would suffer severe flood- 
ing. The image of Washington, D.C., shows 
the effects of a 2Woot sca4evcl rise, whidi is 
what sc ie ntist expect if the entire Greenland 
ice sheet mdts. The ice sheet has shrunk 50 

cubic miles in the past year alone, and is now 
nnefting twice as ^ as previnisly bdievod. 

Finally, the image of New York City 
shows the effects of an ROfoot rise in sea lev- 
els. That’s what would happen if not only the 
Greenland ke sheet but its counterpart in 
the Antarctic were to meh, says James Han- 
sen, the director of nasa’s Goilard Institute 
for Space Studies. Hansen, who put climate 
chan^ on the media map in 1988 by saying 
that maiHuadc global warming had alrea^ 
begun, made headlines again earlier this 
year when he complained that While House 
political appointees were trying to block 
him from speaking freely about the need 
for 13 ]^ incbictxns in 

skms. Hansen warns that, if global emissions 
c/ywinue on their current trajectory, the ice 
sheets will not survive, because gl^ tern- 
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peratureswiUiiicreaseby2u>3d^i«esCel> 
shis by the end of this century. **Tlie last time 
the earth was that warm, sea levds were 80 
feet higher than tod^,” he says. It will likely 
take hundreds of years for sea levels to rise 
the full 80 feet, but the process would be irre- 
versible, and the rises would not be gradual. 
“You’re going to be continually faced with a 
changmg coastline, which will force coastal 
dwdlers to constantly relocate," he says. 

This article’s smaller, aerial-view illus- 
trations are based on simulations by the 
National Envirtminental Trust, a Dooproht 
group in Washington, D.C. N.E.T. relied on 
data from the I.P.C.C., the U.S. Geologi- 
cal Survey, and the N.O.A.A. Additional 
N.E.T. simulations are available at Det.(Mg. 
Philip Cliq^, N.E.T.’s president, says, “The 
U.S. government has never released its 
own simulations. The Bush administration 
doesn’t want these pictures in front of the 
American people b^use they show that a 
three-foot sea^evel rise plus storm flooding 
would have catastrophic consequences.” 


These are just some of the reasons why 
David King wrote in Science in 2004, “Oi- 
maie change is the most severe problem 
that we arc facing today— more serious 
even than the threat of terrorism.” King’s 
comment raised hackles in Washington 
and led a top press aide to Tony Blair to try 
to muzzle him. But the science adviser tells 
me he “absolutely” stands by his statement. 
By no means does King underestimate ter- 
rorism; advising the British government on 
that threat, he says, “is a very important 
part of my job.” ^ the hazards presented 
by climate change are so severe and far- 
reaching that, in his view, they overshadow 
not only every other enviroiunental threat 
but every other threat, period. 

“Take India,” King says. “Their mon- 
soon is a fact of life that they have devel- 
oped their agricultural economy around. 
If the monsoon is down by 10 percent one 
year, they have massive losses of crops. 
If it’s 10 percent over, they have massive 
flood problems. [If climate change ends 


Yet even if such a reduction were adueved. 
a significant rise in sea levels may be unavoid- 
able. “It’s getting harder and harder to say 
We'D avoid a three-foot sea4evd rise, though it 
won't necessarily happen in this century,” 
Mkhael Opperrheimer, a professor of geosci- 
ences and international affairs at Princeton. 
Oppenheimer’s pessimism is rooted in the 
lag effects of the dimate system: oceans store 
heat for a century or km^ bdbre releasing 
it; carbon dioude remains in the atmosphere 
for decades or longer before dissi^ing. 

According to King, evenlf humanky were 
to stop emitting carbon dioxide today, “tem- 
peratures will keep rising and all the impacts 
will keep charing for about 25 years.” 

The iqxbot is that it has become too late to 
prevent dimate change; we can only adapt to 
it This unhappy fact is not well understood 
by the general public; advocates dowiqjlay 
k, perhaps for fear of fostering a paralyzing 
despair. But there is no ^ting around k: be- 
cause humanity waited so long U) take ded- 
.sive action, we are now stuck wkh a certain 


“It 's gellincj harder and harder to sax we ’ll 

AVOID A THREliFCKjr SEA-LE\ EL RISE.” 

saxs Michael Oppenheimer, a professor of 

GEOSCIENCES AT PRINCETON. 


In New York, it would leave much of 
Lower Manhattan, including the Ground 
Zero memorial and the entire financial 
district, underwater. La Guardia and John 
F. Kennedy airports would meet the same 
fate. In Washington. D.C., the Potomac 
River would swell dramatically, stretdiing 
all the way to the Caphd lawn and to with- 
in two Mocks of the White House. 

Since roughly half the world’s 6.5 bil- 
lion peoide live near coastlines, a three-foot 
sea-level rise would be even more punish- 
ing overseas. Amsterdam, Venice, Cairo, 
Shanghai, Manila, and Calcutta are some of 
the cities most Uircatened. In many places 
the pet^ and governments are too poor to 
erect adequate barriers— think of low-lying 
Bangladesh, where an estimated 18 million 
people are at risk-so experu fear that they 
will migrate to neighboring lands, raising 
the prospect of armed conflict. A Pentagon- 
commissioned study warned in 2003 that 
dimate change could bring mega-droughts, 
mass starvation, and even nuclear war as 
countries such as China, India, and Paki- 
stan battle over scarce food and water. 
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up] switching off the monsoon in India, 
or even changing it outside those limits, 
H would lead to massive global economic 
de-stabilization. The kind of situation we 
need to avoid creating is one where popu- 
lations are so de-stabilized— Bangladesh be- 
ing flooded, India no food- that they’re all 
seeking alternative habitats. These, in our 
globalized economy, would be very diffi- 
cult for all of us to manage.” 

T he worst scenarios of 
global warming might 
still be avoided, scientists 
say, if humanity reduces 
its greenhouse-gas emis- 
sions dramaticaUy, and 
very soon. The I.P.C.C. 
has estimated that emis- 
sions must fall to 60 percent below 1990 
levels before 2050, over a period when glob- 
al population is expected to increase by 37 
percent and per-cafkla energy consumptk» 
will surely rise as MlUons of people in Asia, 
Africa, and South America strive to ascend 
from poverty. 


amount of global wannmg and the climate 
cbaiiges k will bring— rising seas, fiercer beat 
deeper droughts, stronger storms. The World 
He^h Organization estimates that dimate 
change is already helping to kill 150,000peo- 
ple a year, mainly in Africa and Asia. Thm 
number is bound to rise as global warming 
intensifies in the years ahead. 

The inevkaMlky of global warming does 
not mean we should not act King empha- 
azes: “The first message to our political lead- 
ers is, action is required. WhetW or not we 
get global agreement to reduce emissions, 
we all need to adapt to the impacts that are 
in the pipeline.” That means doing all the 
things that were not done in New Orleans: 
building sound levees and seawalls, restoring 
coas&d wetlands (whidi act like speed bumps 
to weaken hurricanes’ storm surges), strength- 
ening emetgenc)-preparedness networks and 
hcahh-care systems, and mudi more. 

Beyond this crucial first step— which 
most governments worldwide have yet to 
consider— humanity can cushion the sever- 
ity of future global warming by limiting 
greenhouse-gas continued on page m 
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Boslon StrnnglcT 

were in apaitmeitt buildings wbere many 
people came and went and residents might 
not be surprised if a maintenance man 
knocked on their door. But this was a house 
in the sidMibs, where a stranger would stand 
out immediately because everyone on the 
street knew one another by their first names. 
Once you have OeSalvo in the bouse the 
crime is pure Boston Strangler, but how do 
you get him there? And why would a killer 
who seemed to have developed such a per- 
fect technique for killing women suddenly 
abandon it for something far riskiei? 

T uney and Delaney parked on Scott 
Road and walked around the Goldberg 
house, noting wbere the front and back 
doors were and how far Smith had to walk 
to get to the bus stop on Pleasant Street. 
One of the first things that struck Delaney 
was that the Goldberg house was easily ap- 
proached from the back; it was a route, in 
fact, that neighborhood children said they 
used as a shortcut. If a killer wanted to en- 
ter the Goldbefg house unseen from Scott 
Road, all he had to do was cross behind 
the Hartunians’ house on the corner of 
Pleasant Street and walk about 120 feet to 
the GoMbe^’ backyard. Workmen would 
not ordinarily use the front door of a house 
like the Goldbergs', so Bessie might not be 
susincious if a man knocked on her kitdien 
door and said, for example, that he worked 
for the Belmont water department and 
wanted to check her meter. 

If Delaney was the idealist of the two. 


Tuney was the seasoned pragmatist. He’d 
been in police work long enough to know 
that the pities of a case are everythirv, aral 
that if you ignore them you’ll get nowhere. 
Consequently, the first thing he’d done on 
the wi^ to Scott Road was to stop at the Bel- 
mont Police Department and let the police 
diief know they were in the area. It wasn’t re- 
quired, but it was a matter of respect, and k 
may have been a courtesy that paid off. Del- 
aney is not posktve where they got this infor- 
mation, but he believes k was (rom someone 
at the department: apparently a neighbor of 
the Gokfoeigs’ had seen a suspicious person 
on Scott Road on the afternoon of the mur- 
der and had called the Belmont police with 
the informatiofi, but the police had not fol- 
lowed up on k. The lead, such as k was, now 
bdooged to Tuney and Ddano. 

The neighbor turned out to be an elderly 
man with a bedridden wife, and Delaney 
has a memory of standing ba^ while Tuney 
asked the roan to repeat his story. On the 
afternoon that Bessie Goldberg was killed, 
the neighbor said, he’d been approached by 
a man in work doibes who had offered to 
paint his bouse as a side job on weekends. 
The man was whke and probably in his 30t 
and— in Delaney’s mind, at least-roughly 
matched a descriptioa of DeSaho. The old 
man said be declined the work offer by say- 
ing that a private nunc he’d hired to be^ 
his wife needed him back in the house. The 
incidem bad stuck in his mind, though, and 
an hour bier - when he saw p(^ cars and 
sn ambulance on Scou Road— he called the 
police department. 

By then, however, every c<^ in Massa- 
chusetts was already looking for Rcy Smith, 


and a white man walking around a iriiite 
neighborhood knocking on doors would 
have meant absolutely nothing. That was. 
however, something that DeSalvo said be 
often did to find weekend work. Maybe be 
knocked on the Goldbeigs’ door and Bessie 
opened, Delaney thought. Maybe she let 
him in. Maybe be said he needed to check 
her water meter or oneicd to paint her liv- 
ing room. Maybe she just turned away for a 
moment and he was on her. It was a dassic 
Boston Strangling except that DeSalvo never 
confessed to it and Roy Smkh vms convicted 
of it; in every other respect k was identical 
to the 13 murders OeSalvo claimed to have 
committed. 

Oelaney and Tuney finished up on Scott 
Road and drove back to Boston without 
anything concrete to rqx)rt ft was a delicate 
tine of inquiry anyway— what with Smith's 
case under appeal and the attorney general 
himself wanmi away fiom making any awk- 
ward conqiarisons to other murders, ft was a 

case, however, that Delaney never mamgfH 
to get out of his head. 

R oy Smkh died of hmg cancer 13 years 
into a life sentence. IWo days earlier, 
a governor’s commutation-effective im- 
mediately— had been handed to him at his 
hospital bed. ft was unheard (k* for a lifer to 
be considered for commutation after only 
10 years, and the only explanation was that 
a lot of people had to have doubts about 
Smith’s guilt. DeSalvo was never linked to 
the Goldberg murder, but some thought 
it odd that he was stabbed to death wkhin 
days of the 10-year anniversary of Smith’s 
conviction for the crime. □ 


Thivi' h‘el orWaliM’ 



CONTINUEU PBOM PAAE emBBiinM Haiw 

sen says vre must stabilire emisHons-which 
currently are riong 2 percent a ycar-by 20IS. 
and then reduce them. AvokUng Dangerous 
Gbrnsr Choiqp; a book based oo a sckntiftc 
conferenoe convened by Toiqf Blair before the 
sununit, estinuilestbal we miv haw ^ 
202S to peak and reduce. 

The ^ is to Stop global wanning before 
it crosses tipping points and attains unstop- 
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pable momentum from “poskive feedbacks.” 
For exanq>le. should the Greenland ice sheet 
melt, whke ice-whiefa reflects sunlight back 
into space— would be replaced dark wa- 
ter, which absorbs sunlight and drives fur- 
ther wanning. 

Pbskive feedbacks can trigger the kind 
of abrupt, ineversible climate changes that 
soi em is ts call “nonlinear.” Onoc again. Hur- 
ricane Katrina provides a sobering preview of 
what that means. “Hurricanes are the modier 
of ail nonlinear events, because small dianges 
in initial conditions can lead to enormous 
changes in outcomes.” says Hans Joachim 
ScbeIJnhuber, the director of the Potsdam 
Instkuie for Climate Impact Research and 
the fanner chief enviroiUDental adviser to the 
Gennan govermnenL “A few percent iDcreare 
in a hurricane’s wind speed can double ks de- 
structiveness under certain ctrcufflstances.” 

Although sdentists apply the neutral term 
“dimate duu^” to all of these phenomena, 
“dimale chaos” better conveys die abrupt, in- 
terconnected, widc-rangiog consequences thm 


Ke in stree. “Ith a very ^ipropriate term for the 
laypenon,” sqn Schdlnhuber, a physicist who 
specia]i2esinchao8diBOfy.“Ike^tdlingpoli- 
tidans that 1^ not so concerned about a grad- 
ual dimare change that mi^r force fiuinen in 
Great Britain to differeat crops. I'm wor- 
ried about triggering poskive feedbacks that, 
in the worst case, could kick off scrnie type of 
runaway greenhouse dynamics.” 

A mong the reasons climate change is a 
bigger problem than terrorism. David 
King teUs me, is that the problem is rooted in 
humanky’s burning of oil. coal, and natural 
gas, “and people don't want to kt that ga” 
Which is understanriahlfi These carfaonbased 
fiiek have powered dviHzmion anoe dK dan^ 
of the industrial era, deliveriitg enormous 
wealth, convenience, and wdM>dng even as 
they overheated the atmosphere. Luckily, the 
idea that reducing greenhousnfas cmisaioos 
will wreck our economy, as President Bush 
said in 2005 when defending his oppoakion 
to the Kyoto Protocol, is disproved by experi- 
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coce. **lii Britain,'’ King told the environinen' 
tal Wa> site Grist, "our economy since 1990 
has grown by about 40 percent, and our emis- 
ons have decreased by 14 percent.” 

Ultimately, society must shift onto a new 
energy foundation based on ahemative fu- 
els, not only because of global warming but 
also because oil "will get harder and costlier 
to find” in the years ahead, says Ronald Ox- 
buigh, the former chairman of the British 
arm of Royal Dutch Shell oil. "The girmp 
around President Bush have been saying 
that, even if climate change is real, it would 
be terribly costly to shift away from caibon- 
based fuels,” Oiburgh continues. “Of course 
it would, if you try to make the change over- 
nighL But that’s not how you do h. If govem- 
mems make the decision to shift our society 
to a new energy foundation, and they make 
it clear to everyone this is what we’re doing 
by laying out clear requirements and incen- 
tives, corporations will resportd and get the 
job done.” 

The opening move in this transition is to 
invest massively in energy efficiency. Amory 
Lovins, co-founder of the Rocky Moun- 
tain Institute, a think tank that consults for 
corporations and govemmenu around the 
world, has demonstrated that measures such 
as insulating buildings and driving more ftiel- 
efficient vehicles could reduce humanity’s 
consumption of energy and natural resources 
by a factor of four. And efficiency invest- 
ments have a demonstrated record of creat- 
mg jobs and boosting profits, suggesting that 
emissions can be reduced without crippling 
economies. 

One of the first moves Angela Merkel an- 
nounced as the new diancellor of Germany 
last fidl was the extension of a Green Party 
initiative to upgrade energy efficiency in the 
nation’s pre-1978 bousing stock. Most of 
that housing is in the former East Germany, 
where unemployment approaches 20 per- 
cent. Replacing old furnaces and installing 
efficient windows and lights will produce 
thousands of welt-paying laboiers’ jobs that 
by their nature cannot be outsourced. 

Corporations, too, have discovered that 
energy efficiency can be profitaUe. Over a 
three-year period beginning in 1999, BP in- 
vested $20 million to reduce the emissions 
from its internal operations and saved $650 
tnillioo— 32 times the original investment. 

Individuals can cash in as well Akbougb 
buying a super-efficient car or refrigerator 
may cost more up front, over time it saves the 
consumer nooney through lower energy bills. 

Efficiency is no silver bullet, nor can it 
forever neutralize the effects of billions of 
people consuming more and more all the 
tinm. It can, however, buy humanity time 
to further develop and deploy alternative- 
energy tedmoiogies. Solar and wind power 
have made enormous strides in recent years, 
but the technology to watch is carbon se- 


questration, a method of capturing and then 
safely storing the carbon dioxide produced 
by the combustion of fossil fuels. In theory, 
sequestration would allow natkms to contin- 
ue burning coal— the most abundant fuel in 
the worid, and the foundation of the Chinese 
and Indian economies-without worsening 
the climate problem. “If carbon capture is 
not feasible, our choices are mudi leK good, 
and the cost of climate diange is going to 
be mudi higher,” says Jeffrey D. Sachs, the 
director of the Earth Institute at Columbia 
University and a special adviser to the Unit- 
ed Nations. 

No one pretends that phasing out carbon- 
based fuels will be easy. The momentum of 
the climate system means that “a certain 
amount of pain is inevitable,” says Michael 
Oppenheiiner. “But we still have a choice be- 
tween pain and disaster.” 

Unfortunatdy, we are getting a late start, 
which is something of a puzzle. The threat of 
global wanning has hem recognized at the 
highest levels of government for more than 
25 years. Former president Jimmy Carter 
hi ghligh ted it in 1980, and A1 Gore cham- 
pioned it in Congress throughout the 1980s. 
Margaret Thatcher, the arch-conservative 
prime minister of Britain from 1979 to 1990, 
delivered some of the hardest-hitting speedi- 
es ever given on dimate change. But progress 
stdledinthe 1990s, evna as Gore was elect- 
ed vice fmsident and the scientific case grew 
definitive. It turned out there were powerful 
pockets of resistance to tackling this prob- 
lon, and they put up a hdi of a fight 

C all him the $45 million man. That’s how 
much money Dr. Frederidr Sdtz, a for- 
mer president of the National Academy of 
Sciences, helped R. J. Reyndds Industries, 
Inc., give away to fund mec^ reseaidi in the 
1970s and 1980s, The research avoided the 
centra] health issue faring Reynolds— “They 
didn’t want us looking at the health effects 
rfdgaiettc smoking,” says Seitz, who is now 
94— but it nevertheless served the tobacco 
industry’s purposes. Throughout those years, 
the industry frequently ran ads in newspapers 
and magazines ritii^ its muki-niiilioD-doUar 
research program as proof of its commitmoit 
to srience-and arguing that the evidence on 
the heakh effects of srnoking was mixed. 

In the 1990$. Seitz began arguing that the 
science behind global wanning was likewise 
inconclusive and certainly didn’t warrant im- 
posing mandatory limits on greenhouse-gas 
emissions. He made his case vocally, trash- 
ing the integrity of a 1995 1.P.C.C. report on 
the op-ed page of 7Jie Wall Street Journal, 
signing a iMter to the Clinton administration 
accusing it of misrepresenting the science, 
awl authorii^ a p^xr which said that global 
warming and ozone depletion were exagger- 
ated threats devised by environmentalists 
and unscrupulous scientists pushing a priiti- 


cal agenda. In that same paper, Schz asserted 
that secondhand smoke pc^ no real health 
risks, an opinion he repeats m our interview. 
“I just can’t believe it’s that bad,” he says. 

At Gore and others have said, but gener- 
ally without offering evidence, that the peo- 
ple who deny the dangers of climate change 
are like the tobacco executives who denied 
the dangers of smoking. The example of 
Frederick Seitz, described here in full for the 
fixst time, shows that the two camps overlap 
in w^ that are quite literal— and lucrative. 
Seitz earned approximately $585,000 for 
his consulting work for R. J. Reynolds, ac- 
cording to company documents unearthed 
by researchers for the Greenpeace Web site 
ExxooSecrets.org and confirmed by Seitz. 

Meanwhile, during the years he consulted for 
Reynolds, Seitz continued to draw a salary as 
prnndent emeritus at Rodmfdler University, 
an institution founded in 1901 and subsidized 
with profits friwa Standard Oil, the predeces- 
sor corporation of ExxonMotril 

Seitz was the highest-ranking scientist 
among a band of doubters who, beginning 
in the early 1990s, resriutely disputed sug- 
gestions that climate change was a real and 
present danger. As a fonner presideiit of the 
National Academy of Srien^ (from 1962 
to 196^ and a winner of the National Medal 
of Science, Seitz gave such objectkms instant 
credibility. Ririiard Uixizen. a professor of 
meteorokjgy at MXT., was another high-profile 
scientist who consistently denigrated the case 
for global wanning. But most of the public 
argument was carried by lesser scieotists and, 
above all, by lobbyists and paid pricesmen 
for the Global Climate Coalition. Created 
and funded by the energy and auto industries, 
the Coalition spent millioas of doiiars s^nead- 
ing the message that global wanning was an 
uncertain threat. Journalist Ross Gelbspan 
exposed the corporate campaign in his 1997 
book. The Heat b On, which quoted a 1991 
strategy memo: the goal was to “reposition 
global wanning as tiieory latiier than fitot.” 

“Not trivial” is how Seitz reckons the 
influence he and fellow skeptics have had, 
and their critics agree. The effect on me- 
dia coverage was striking, according to Bill 
McKibben, who in 1989 published the first 
major popular book on global warming. 
The End of Nature. Introducing the lOtb- 
anniversary edition, in 1999, McKibben 
noted that virtually every week over the past 
decade studies had appeared in scientific 
publications painting an ever more a l a rmin g 
picture of the globalwanning threat Most 
news reports, cm the other band, “seem to be 
coming from some other planet.” 

T he deniers’ arguments were frequently 
cited in Washington policy debates. 
Their most important legislative victwy was 
the Senate’s 9S-to-0 vote in 1997 to oppose 
U.S. participation in any international agree- 
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to. If ouf coogressional people had said 


Tliree Feel of Water 

meiit-i.e., the Kyoto Protocol-that impoced 
mandatory gTeenfaouse>f as reductions on 
the US. 

The loocity of this TcsistaiKX helps explam 
why the Clinton administration achiev^ so 
link on dimate diange, says Hm Wiith, the 
Tint under-secretary of state for global af- 
fairs. who served as President Clinton’s diief 
climate negotiator. "Tbc opponenu were 
so strongly organized that the administra- 
tion got spooked and backed off of things it 
should have doae.” says Winh. ‘The Kyoto 
negotiations got watered down and watered 
down, and tdter we signed it the administra- 
ticn «^'t try to get it naihed. Thqr didn’t 
even send people up to the Hill to talk to 
senators about ratif^ng it.” 

“I wanted to push for ratification," re- 
sponds Gore. “A decision was made not 


there was even a remote chance of ratify- 
ing, I could have cmivinced Clinton to do 
h-his heart was in the right place. ... But 
I remember a meeting in the White House 
with some environmental groups where I 
asked them for the names of 10 senators 
who would vote to ratify. They came up 
with one, Paul Wellstone. If your most op- 
timistic supporters can’t identify 10 likely 
gettables. then people in the administratioD 
start to ask, ‘Are you a fanatic, Al? Is this a 
suidde mission?’” (Clinton did not respond 
to e-mailed questions.) 

J ames Hansen, without stngling out any in- 
dividual, accuses global-warming denien 
of “acting like lawyers, not sdenfisis, because 
rw matter what new evkknc« comes in, their 
coDchision is almady deckled.” Richaid Lind- 
zen responds that Hansen has been wrong 
time and time again and operates “one of 


the worst cUmate modeb around.” Lindzen 
agrees that both global temperature and at- 
mospheric concentration of carbon dknide 
haveincreasedovertbelastoentury.Buitein- 
peratures won’t rise mudi further, be says, be- 
cause humans aren't the main driving fbree in 
the climate syrtem. The reason moat scientists 
disagree with him. Lindzen explains, is rinqsle 
careerism. “Once President Bush the elder 
began spending $2 bilikm a year on chmate 
science, scientists developed a selAinterest in 
maintaining this is an urgent proMem,” be 
says, adding that the scientific community’s 
fixation on climate change will be remem- 
bered as an episode of “mass insanity.” 

Among many rebuttals to the deniers’ ar- 
guments, perhaps the most authoritative col- 
lection is found on the Web site cf Britain’s 
national academy of science, the Royal Soci- 
ety. But sods rebutt^ have little impact on 
true bdieven. says Robert May, the Sockty’t 
former president. “(Nobel Wze-winning 
physicist] Max Planck used to say that peo- 
pfe don't change their minds (becviae of evi- 
dence],” he adds. ‘The scieiH* smqjly moves 
on and those people eventually die off:” 

But if Ute denien appear to have lost the 
scientific argument, th^ prokHiged the pol- 
icy battle, delaying actioos to reduce emis- 
sions when such cuts mattered most. “For 
2S years, people have been warning that 
we bad a window of opportunity to take ac- 
tion, and if we waited until the effects were 
obvious it would be too late to avoid major 
consequences,” says Oppenheimer. “Had 
some individual countries, especially the 
United States, begun to act in the eaiiy to 
mid-1990s, we might have made it. But we 
didnX and now the impacts are here.” 

“The goal of the disinroniuaioa campaign 
wasn’t to win the debate,” says Gdbspan. 
“The goal was simply to keep the debate go- 
ing. When the public bears the media report 
that some scientisU believe wanning is real 
but others don't, hs reaction is ‘Come back 
and tdl us when you’re really sure.’ So no po- 
laicid action is taken.” 

Representative Henry Waxman, the CaK- 
fimiia Democrat who chaired the 1994 bea^ 
ings where tobacco executives unanimously 
declared under oath that ciguettes were not 
addictive, watches today’s global-warming 
deniers with a sense of dijh va It all reminds 
him of the confidential dogan a top tobacco 
Aack coined when arguing that the science 
on smoking remained unsettled; “Doubt is 
our product.” Now, Waxman says, “not only 
are we seeing the same tactics the tobacco 
industry used, weVe seeing some of the same 
groups. For example, the Advancement of 
Sound SctenoeCoalikin was created fin 1993) 
to debunk the dangers of secondhand smok- 
ing before M moved on to global warming.” 

The scientific work Frederick Seitz ove^ 
saw for R. J. Reynolds from 1978 to 1987 
was “perfectly ffne research, but ofT the 
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poinC says Stanton A. Glantz, a professor 
of medicine at the University of California, 
San Francisco, and a lead author of Vie 
Cigarette Papers (1996), which exposed the 
inner woitings of the Brown & Williamson 
Tobacco Coqxnation. “Looking at stress, at 
genetics, at lifestyle issues let Reynolds daim 
it was funding ltd research. But then it could 
doud the issue by saying, ‘Well, what about 
this other possible causal factor?’ It’s like 
coming up with 57 other reasmis for Hurri- 
cane Katrina rather than global wanning.” 

For his pan, Sehz says he was comfortable 
taldng tobacco money, “as long as k was gieea 
I’m not quite dear about this moralistic issue. 
We had absolutely free rnn to decide how the 
money was spent” Did Uie reseatdt give the 
tobacco itKlustry poikica] cover? “I’D leave that 
to the i^iiiosof^crs and priests,” he replies. 

Sekz is equally nonplussed by the extraor- 
dinary disavowal the National Academy of 
Scicnoes issued fblkiwmg his nMd visibk: irae^ 
ventioo mtlK gk)baHvarining debate. In 1996 
he urged fellow scientists to sign an Ore^ 
group’s petitioo saying that global wanning 
was much ado about little. The petkion attract- 
ed more than 17,000 signatories and received 
wide^xead media attentioiL But posted along 
with the petition was a paper four global- 
wanning deniers that was presented in virtu- 
ally the same layout and typeface used by the 
National Academy of Sciences in ks scholarly 
journal The forinatting, ooiiibined with Sekz’^ 
signature, gave the dear impression that the 
academy eii(k>rsed the petition. The academy 
quickly released a statement disclaiming any 
conneetjon wkh the pedtkm ot its suggestion 
that global warming was not real. Scientific 
American later determined that only 1,400 
of the petkioD’s signatories daimed to bold a 
HlD. in a chmate-related sdence, and ofthese, 
some either were not even aware of the petition 
or later diangod their miixls. 

Today, Sdtz admits that “k was stupid” icx 
the Or^on activists to copy the academy's 
format. Still, he doesn’t understand why the 
academy fdt compelled to disavow the peri- 
tioii, which he continues to cite as proof that 
k is “not true” there is a scientific consensus 
on warmirig. 

The accumulation of scientific evidence 
eventually led British Petroleum to resign 
from the Global Climate Coalition in 1996. 
Shell, Ford, and other corporations soon left 
as well, and in 2002 the coalition closed 
down. But Gelbspan, whose Web site tracks 
the deniers’ activities, notes that key coali- 
tion personnel have since taken up positions 
in the Bush administration, including Har- 
lan Watson, the State Department’s chief 
climate negotiator. (Watson declined to be 
interviewed.) 

ExxonMobil -long the most recalci- 
trant corporatkxi on global warming— is still 
spending millions of dollars a year funding 
an array of organizations that downplay the 


]m)blem, including the George C. Marshall 
Institute, wboe Seitz is chairman emeritus. 
John Passacantando, executive director of 
Greenpeace USA, calls the denial campaign 
“one of the great crimes of our era.” Pas- 
sacantando is “quite confident” that dass- 
action lawsuks will eventually be filed against 
corporations who denied global warming’s 
dangers. Five years ago, be told executives 
fix)m one coQ^Kuy, “You’re going to wish you 
were the tobacco companies ooce this stuff 
hits and people realize you woe the ones who 
blodced (action].” 

rp he public discussioa about ditnate diange 
J. in the U.S. is years behind that in Brkain 
and the rest of Europe, and the deniers are 
a big reason why. “In the United States, the 
Chamber of Commerce and Natkxial Asso- 
ciatkm of Manufacturers are deeply skepti- 
cal of climate-chat^ science and the need 
to reduce greenhouse-gas emissions,” says 
Fiona Harvey, the environment correspon- 
dent for the Fbutneid Times. “In Britain, the 
equivalent body, the Omfedcratioa oTBckisb 
Industry, is absolutely behind the science and 
agrees on the need to cut emissions. The only 
diffeiences are over bow to do that” 

America’s media coverage is also well be- 
hind the curve, says Harvey. “In the United 
States you have lots of iKws stories that in the 
name of balance, give equal credence to the 
skeptics. We don’t do that here— not because 
we’re not balanced but because we think k's 
unbalanced to give equal vahdky to a firinge 
few wkh no science bdrind them.” 

Prominent right-wing media outlets in the 
U.S., especially the editorial page of The )VaB 
Street Journal cemtinue to parrot the claims 
of climate-change deniers. (Paul A. Gigot 
the page’s edkor, declined to be interviewed.) 
Few beat reporters are still taken iit but their 
bosses-the editors and producers who de- 
cide which stories run, bow prominent- 
ly— are another matter. Charies Alexander, 
the former environmental editor at Time, 
complains that, while coverage has improved 
recently, media executives continue to regard 
climate change as just another environmental 
issue, rather than as the overridiiig chaUenge 
of the 21st century. 

“AnKricaris are bearing tnote about reduc- 
ing greenhouse emissioas from BP ads than 
from news stories in Time, Vie New York 
Times, or ai^ other US. media outlet,” Alex- 
ander says. “This will go down as the greatest 
act of mass denial in history.” 

In 2002, Alexander went to see Andrew 
HQTward, then the president of News, 
afta running into him at a Harvard reunion. 
“I talked to him about climate change and 
other global environmental threats, and 
made the case that they were more danger- 
ous than terrorism and CBS should be doing 
much more coverage of them,” Alexander 
recalls. “He didn’t dispute any of my fac- 


tual points, but be did say the reason CBS 
didn’t do more of that coverage was that 
‘people don’t want to hear all that gloom 

doom’-in other words, the environment 
wasn’t a ratings winner. He seemed to think 
CBS News’s job was to tell pea|^ what th^r 
wanted to hear, not what th^ need to know, 
and 1 think that attitude is mcieasingly true 
for the news busmess in general.” 

“That’s bullshit,” responds Heyward, 
who left CBS in 2005. “I’ve never b^ one 
of those guys who thinks news has to be 
light and bright. And in talking to Charles, 
I wasn’t stating the policy of CBS News. I 
was just trying to exjdain to an Nd college 
classmate why there isn’t more coverage of 
the environment on TV. Charles is an advo- 
cate, and advocates are never happy wkh the 
amount of coverage their cause gets.” 

American television did, however, give 
prime-time coverage to the latest, and most 
fiunous, global-warmiag denier novelist Mi- 
cbael Crichton. ABC’s 20/20 broadcast a 
very friendly interview with Criditon when 
be published State of Fear, a novel arguing 
that anyone who bought into the phony sci- 
entific consensus on global wanning was a 
modem equivalent of the cariy-20th-ocntury 
eugenicists who eked scientific “proof’ for 
the superiority of the white race. 

When Crichton was invited to testify 
before the Environment and Public Works 
Committee, observers in Britain were 
floored. “This is fairyland,” exclaims Mi- 
chael Meacher, the member of Parliament 
who served as Tony Blair’s environment 
minister from 1997 to 2003. “You have a 
science-fiction writer testifying before the 
United States Senate on global-wanning pol- 
icy? I mean, you can almost see the little boy 
off to the side, like in the story of the emper- 
or’s clothes, saying, ‘But he’s a scicnce-yictifin 
writer, isn’t he?’ It’s just ludicrous.” 

The man who invited Crichton, commit- 
tee chairman James M. Inhofe, a Republican 
fiom oikii^ Oklahmna, had already said on 
the floor of the Senate that global warming 
was “the greatest hoax ever perpetr^ed on 
the American people.” In an e-mail inter- 
view, Inhofe defended Crichton’s appear- 
ance, noting that the writer holds a medica] 
degree from Harvard. (Crichton is also a 
post-doctoral feUow at the Salk Institute for 
Biological Studies.) The senator added that 
he stood by his hoax statement as well. 

David King responded that Britain’s 
climate-science research is headquartered 
within the Ministry of Defense, “and you 
wouldn’t find a group of people less likely 
to perpetrate a hoax than the people in the 
Ministry cf Defense.” 

King has “extremist views,” Inhofe re- 
plied. If the I.P.C.C. and the worid’s (eading 
academies of sconce echo Kill’s views, he 
argued, it is because they actively silence 
dissidents: “Scientists who believe warming 
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trends are naturally occurring, or benign, are 
almost aKivys exdwfed from dini^^ 
confereoces and meetings because tbeir con- 
duskms do not support the political agendas 
of the others who host the oonfereoces.” (The 
I.P.C.C. denies this accusation.) The truth, 
Inhofe continued, is that "There is no con- 
sensus on the science of global warming.” As 
proof, be cited-whai eisd? -Frederick Seitzli 
Oregoo petition. 


P aul H. O’Neill, who served nearly two 
years as George W. Bush’s secretary 
of the Treasury, docs not buy the common 
notion that Bush and Vice Presideat Dick 
Cheney resist talcing action on global warm- 
ing because they are oilmen. ”1 don’t think 
either one of them is an oilman.” insists 
OT^eilL “You have to have success to be an 
oilman. It^ like saying you're a ball|)l^er, but 
you never got on the 

In 1998, while running the aluminum gi- 
ant Akoa, O’Neill was among the first U.S. 
business leaders to lecognire die enormity of 
climate change. He says Bush asked him, can 
ly in the first term, to put together a plan of 
action, but it was ignor^. Like Bush, O’Ndll 
opposed Kyoto, so he proposed other ways to 
move forward. But instead, he says, the ad- 
ministration ”cherT)>-picked” the scienee on 
climate change to justify taking no action, 
'"just like it efaerrypteked the intdKgenoe on 
weapons of nuus destruction” to justify the 
invasion of Iraq. 

’’The United States it the only entity on 
this planet turning its back on this probi^” 
says Massachusetts senator John Kerry. 
”Even as he talks about protecting the secu- 
rity of the nation, the president is willfully 
choosing not to tadcle this problem. History 
will record it as one of the greatest derelic- 
tions of duty ever.” 

Bush-administration officials counter 
that they are doing more to fight global 
warming than anyone else- just with diffen 
ent tools than those favored by supporters 
of the Kyoto Protocol. James L. Cottnaugb- 
ton, the head of the White House Council 
on Environmental Quality, starts by point- 
ing out that Bush has raised federal mile- 
age standards for S.U.V.'s and light trucks. 
When I potm out that the mcrease is tiny (a 
mere 0.3 miles per gallon, says Dan Becker 
of the Siena Club), Connaugteon maintains 
that over time further increases will result in 
substantial energy savings, especially when 
paired with the administration’s new ux 
credits for efficient vehicles. It’s also impor- 
tam, he says, to ”keep personal income taxes 
in check” to encourage people to buy these 
new cars. What’s more, the administration 
recently provided $10 billion in incentives 
for ahemative^nergy development and $40 
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billion over to years to eooounige fanners to 
plaiit Urees and preserve grassland that can 
soak up carbon dioxide. 

The administration opposes the Kyoto 
Protocol, Connaughton cl^ms, because its 
mandatory emissiofis cuts would punish the 
American economy, costing as many as five 
miUkn jobs. It would also dry up the capital 
needed to fund the technological research 
that will ukimately solve gtobal wanning. 

”lt’B important not to get distracted by 
chasing sbort-tenn reductioos in greenhouse 
emissions. The tea] payoff is in longterm tech- 
nological fareakthrott^is.” says John H. Mar- 
burger III, the president's science adviser. Be- 
sides, There is no question that mitigating the 
impact of dimatc dumge as it takes place will 
be much less (expensivelthan the costs of re- 
ducing oil and use in the short term.” 

"The world is now on a trafectory to slow 
the growth in greenhouse-gas emisskms,” 
concludes Connaughton, who as a lawyer 
represented mining and chemical interests 
bdkire joining the adniinisnalioo. "Tm highly 
confide we wiD stabilise [those emissions].” 
He s)Q« thalk exactly what happened over the 
last 80 years with air poUutioa He seems to 
take pbasuie in observing that, under Bush, 
the US. has actually reduced ks aniMial emis- 
sions, which, he says, is more than some of ks 
harshest critics overseas have done. 

I t’s a cheerful story, but virtually no one 
else believes it. Waiting 80 years to elimi- 
nate greenhouse-gas emissions would guar- 
antee runaway global warming, says James 
Hansea In January, six former chiks of the 
Environmental Protection Agency, includ- 
ing five who served Republican presidents, 
said Bush needed to do much more to fight 
climate change. In Briuin, Veter Ainsworth, 
the Conservative Party’s shadow secretary of 
state for the environment, says his party is 
Taddcned” by the Bush administiBtioa’sap- 
proadL “We would have preferred the Bush 
admmistretion to bike a leadership position 
on this ptoUem . . . instead of allowing itself 
to be seen as foot-dragging.” 

Outsiders doubt Presided Bush's desire to 
confront the issue, pointing out that his right- 
wing political base agrees with Inhofe that 
global warming is a liberal hoax. Critics also 
question the administretioa’s faitfa in volun- 
teeritm. They argue that imposing mandato- 
ry timelines and emissions limits would put 
a price tag on carbon and push oorporatioas 
and individuals to use less of it. ‘"Long-term 
research is fine, but to offer that as a substi- 
tute for the stark necessity of nearterm cuts 
in emis.stODS is a kind of magical thinking- 
trustmg that soroeUiing will happen to make 
everything all right,” says Donald Kennedy, 
the editor in dueftrf'She/Kr. InfacLde^e 
Bush's call to end our ""adthetioo” to oil, his 
2007 budget actually reduced funding for 
akernalivc energy and efficiency. 


Nor has the Bush administration cut short- 
term emisskmt. says a European dipfomal 
who requested anonymity berause he has to 
work with Bush officials. Citing data from 
the Enetgy Information Administration, the 
dqilonial says Coonaughton is correct to say 
that U.S. greenhousogas emissioiis dedmed, 
but only in the mtgje year fcklowing the 2001 
terrorist attacks, owing to the ensuing eco- 
nomic recession. U.S. emissions increased in 
every other year of Bush's presidency, mak- 
ing k "complete hokum” to claim that Bush’s 
policies are cutting emissions, the diplomat 
says, adding of Connaughton, "I'm afraid 
Jim has drunk the Kool-Aid.” 

As for John Marburger’s assertioo that k 
will be cheaper to adapt to climate change 
than to try to head it off, Michael Oppen- 
heimer says, "It’s a sad day when the presi- 
dent is being told by his science adviser that 
ctimale change isnS worth avoiding. It may 
be possible for rich nations and people to 
adapt, but 90 percent of humanity doesn’t 
have the resources to deal with climate 
change. It’s unethical to condemn them just 
because the people in power don’t want to 
act.” 

T think it is a slam dunk that we are on 
a path of dangerous anthropogenic interfer- 
ence wkh the dimate, and k is also absolutely 
clear that what this administration has pro- 
posed so far will not get us off that path,” 
says Jeffrey Sachs. The administratioo says 
several things I agree with: tedrnolQgy is ex- 
tremely importam, global warming is a long- 
term issue, and we cant do k without China 
and India [because their greenhouse-gas 
emisskms will soon outstrip our own]. But 
noiK of tilts adds up to bdeiog no actioa The 
fact that China and other developing econo- 
mies have to be involvod doesn’t mean the 
United States refuses to commk to specific 
actions; h means the US. should commk k- 
sdf, in port to he^ bring the othen ia 

“I’ve had discussions with leaden in Chi- 
na and India,” adds Sachs. “They are very 
concerned about climate change because 
they see the effects it could have on them. 
We should bdp to set up prototype carbon- 
capture-and-sequestration power plants in 
China and India, and the rich countries 
should help to finance them. It’s hard to ask 
poor countries to bear the full finanrial bur- 
den of these technologies, especially when it 
is the rich countries’ past burning of carbon 
fuels that has created most of the problem. 
But the U.S. takes every opportunity to do 
virtually nothing to engage in practical steps 
with the developing countries.” 

A sk Al Gore how to avoid dangerous 
climate change and, despite his wonk- 
tth reputation, he doesn’t begin by talking 
about hybrid cars or carbon sequestration. 
No. says Gore, the first imperative is to 
"punch through the massive denial and re- 
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sisauKe” that still exist in the United States. 

But the rest of the world is no longer vwut- 
ing for the Bush administratioa. At the inter- 
nitioiiai cHmate ooolbence heU in Montreal 
last jear, European Dtfions caBed the adminis- 
tiation's bhilT when it revised to commit even 
to the breathtakingly modest step of someday 
discussing aduu framework might follow the 
K)om PRNocol. which etqjiics in 2012. At past 
su mm its, the admmi stiaiiu i i 'k wuhhnrpn ey hd 
other natiom to buck down in hopes oTkeepmg 
America inwtved in the procesL At Morureal, 
the world quit waiting for Godot and recog- 
nizod, as EDiot Morlq^, Toiiy Bhir^i mniiter of 
the cnviroiuneia, says, “there are a lot of voices 
intfaeUnitodStatesinadditicniotheBushad- 
ministialioii, and we wili wodt with aO oftbem 
to address this prohiem.” 

The same thing is happening inside the 
U.S. “It is very clear that Congress will put 
mandatory greenhouse-gas^mission reduc- 
tions in place, immediately after George 
W. Bush leaves onKe,” says Philip Clapp of 
N.E.T. “Even the Fortune SOO is positioning 
ilMir for the inevitable. There isn^ one cre^^ 
2008 RepuUican presidential eandktatr who 
hasn't abandoned the prcsideiit’s (kHK)thii« 
approadi. They have aO adopted the approach 
the rest of the world took at the Montreal 
talks— we’re moviirg forward, you’re a lame 
duck, and we have to deal with k.” 


R egardless of what happens in Washing- 
ton. D.C., state and local governments 
across America are aggressively confronting 
the problem. l\w> hundred and eight razors 
have committed their cities to meet or exceed 
the emissions reductions numdaied by the 
Kyoto Protocol, and some have gone luither. 
Governor Arnold Schwarzenegger has com- 
mitted CaUfomk to 30 percent cuts by 2020. 

California ofTicials have also hdd talks 
with their counterparts in Oregon and 
ingtOQ about launching a so^alkd carbon- 
trading system like the one currently in force 
in Europe. Such a system allows efficient us- 
ers to profit while wasteful users must pay 
for burning more fuel. A similHr mechanism 
worked in the 1990s to dramatically reduce 
emissiotu of sulfur dioKide— the of add 

rain at far less cost than indusuiaiists or en- 
vironmentalists anticipated. 

New York and seven other northeastern 
states, whkb together wiUi California amount 
to the thirdbiggest economy in the world, are 
also considering a carbon-trading system. 
Their collective actions-Hnvesting in energy 
efficiency, installing wind turbines, seques- 
teriiig carbon could boost production runs 
and lower costs to the point where the green 
technologies needed to fight global warming 
became affordable for eveiyooe. 

At the same time, mvcstois and others wa<. 


ried about globai wanning are pressuring cor 
potations and Wall Street to take the problem 
seriously. The Investor Network on Gimate 
Risk, a coalition of pension-fund managers 
andiiistitutioialiiivedorsrepresefltingS3iril- 
tion in assets, has put corporatioas on notice 
that iu members will reconsider investing in 
cotnpanies that don’t pay enough attentian to 
ditnate change. In 2005, investment-bankii^ 
giant Goldman Sachs pledged to embrace 
carbon trading and invest SI billion in renew- 
able energy. 

“To use a term ooinod by Geoife W. Bush 
mthecoatextarthelraqwar.Ithinkthisoo- 
alitioo of the vvilling mi^ be inuch inore suc- 
cessful than the Kyoto process," says Hans 
Sdwllnbuber. “I’ve been to a lot of these in- 
tematioDal conferences, and k'k a pretty Ihis- 
irating cqicnetioe that usually produces iktle 
more than cheap talk. Whereas a true coali- 
tion of the wiOir^ can bring together regional 
governments, enterprises, and individuals and 
show that it is technologically and ecooomi- 
caily possible to take meaningful action." 

No matter what happens, the global warm- 
ing that past human activi^ has already UD- 
leashed will make this a diflerent planet in 
the years ahead. But k could still be a livable, 
even hospitable, planet, if enough of us get 
smart in time. If we donX three feet of water 
could be just the b^inning. □ 
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TAB 19 



Joint science academies' statement: 
Global response to climate change 


Climate change is real 

There will always be uncertainty in understanding a system 
as complex as the world's climate. However there is now 
strong evidence that significant global warming is 
occurring'. The evidence comes from direct measurements 
of rising surface air temperatures and subsurface ocean 
temperatures and from phenomena such as increases in 
average global sea levels, retreating glaciers, and changes 
to many physical and biological systems. It is likely that 
most of the warming in recent decades can be attributed 
to human activities (IPCC 2001)2. jhis warming has already 
ied to changes in the Earth's climate. 

The existence of greenhouse gases in the atmosphere is 
vital to life on Earth - in their absence average 
temperatures would be about 30 centigrade degrees lower 
than they are today. But human activities are now causing 
atmospheric concentrations of greenhouse gases - 
including carbon dioxide, methane, tropospheric ozone, 
and nitrous oxide - to rise well above pre-industrial levels. 
Carbon dioxide levels have increased from 280 ppm in 
1750 to over 375 ppm today - higher than any previous 
levels that can be reliably measured (i.e. in the last 420,000 
years). Increasing greenhouse gases are causing 
temperatures to rise; the Earth's surface warmed by 
approximately 0.6 centigrade degrees over the twentieth 
century. The Intergovernmental Panel on Climate Change 
(IPCC) projeaed that the average global surface 
temperatures wilt continue to increase to between 1 .4 
centigrade degrees and 5.8 centigrade degrees above 1990 
levels, by 2100. 

Reduce the causes of climate change 

The scientific understanding of climate change is now 
sufficiently dear to justify nations taking prompt action. It 
is vital that all nations identify cost-effective steps that they 
can take now, to contribute to substantial and long-term 
reduction in net global greenhouse gas emissions. 

Action taken now to reduce significantly the build-up of 
greenhouse gases in the atmosphere will lessen the 
magnitude and rate of climate change. As the United 
Nations Framework Convention on Climate Change 
(UNFCCC) recognises, a lack of full scientific certainty 
about some aspects of climate change is not a reason for 
delaying an immediate response that will, at a reasonable 
cost, prevent dangerous anthropogenic interference with 
the climate system. 

As nations and economies develop over the next 25 years, 
world primary energy demand is estimated to increase by 
almost 60%. Fossil fuels, which are responsible for the 
majority of carbon dioxide emissions produced by human 
activities, provide valuable resources for many nations and are 
projected to provide 85% of this demand (lEA 2004)3. 
Minimising the amount of this carbon dioxide reaching the 
atmosphere presents a huge challenge. There are many 


potentially cost-effective technological options that could 
contribute to stabilising greenhouse gas concentrations. 

These are at various stages of research and development. 
However barriers to their broad deployment still need to be 
overcome. 

Carbon dioxide can remain in the atmosphere for many 
decades. Even with possible lowered emission rates we will 
be experiencing the impacts of climate change throughout 
the 215t century and beyond. Failure to implement 
significant reductions in net greenhouse gas emissions 
now, will make the job much harder in the future. 

Prepare for the consequences of 
climate change 

Major parts of the climate system respond slowly to 
changes in greenhouse gas concentrations. Even if 
greenhouse gas emissions were stabilised instantly at 
today's levels, the climate would still continue to change as 
it adapts to the increased emission of recent decades. 
Further changes in climate are therefore unavoidable. 
Nations must prepare for them. 

The projected changes in climate will have both beneficial 
and adverse effects at the regional level, for example on 
water resources, agriculture, natural ecosystems and 
human health. The larger and faster the changes in 
climate, the more likely it is that adverse effects will 
dominate. Increasing temperatures are likely to increase the 
frequency and severity of weather events such as heat 
waves and heavy rainfall. Increasing temperatures could 
lead to large-scale effects such as melting of large ice 
sheets (with major impacts on low-lying regions 
throughout the world). The IPCC estimates that the 
combined effects of ice melting and sea water expansion 
from ocean warming are projected to cause the global 
mean sea-level to rise by between 0.1 and 0.9 metres 
between 1990 and 2100. In Bangladesh alone, a 0.5 metre 
sea-level rise would place about 6 million people at risk 
from flooding. 

Developing nations that lack the infrastructure or resources 
to respond to the impacts of climate change will be 
particularly affected. It is clear that many of the world's 
poorest people are likely to suffer the most from climate 
change. Long-term global efforts to create a more healthy, 
prosperous and sustainable world may be severely hindered 
by changes in the climate. 

The task of devising and implementing strategies to adapt 
to the consequences of climate change will require 
worldwide collaborative inputs from a wide range of 
experts, including physical and natural scientists, engineers, 
social scientists, medical scientists, those in the humanities, 
business leaders and economists. 
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Conclusion 

We urge all nations, in the line with the UNFCCC 
principles'*, to take prompt action to reduce the causes of 
climate change, adapt to its impacts and ensure that the 
issue is included in all relevant national and international 
strategies. As national science academies, we commit to 
working with governments to help develop and implement 
the national and international response to the challenge of 
climate change. 

G8 nations have been responsible for much of the past 
greenhouse gas emissions. As parties to the UNFCCC, G8 
nations are committed to showing leadership in addressing 
climate change and assisting developing nations to meet 
the challenges of adaptation and mitigation. 

We call on world leaders, including those meeting at the 
Gleneagles G8 Summit in July 2005, to; 

• Acknowledge that the threat of climate change is clear 
and increasing. 


• Launch an international study^ to explore scientifically- 
informed targets for atmospheric greenhouse gas 
concentrations, and their associated emissions scenarios, 
that will enable nations to avoid impacts deemed 
unacceptable. 

• Identify cost-effective steps that can be taken now to 
contribute to substantial and long-term reduction in net 
global greenhouse gas emissions. Recognise that delayed 
action wilt increase the risk of adverse environmental 
effects and will likely incur a greater cost. 

• Work with developing nations to build a scientific and 
technological capacity best suited to their circumstances, 
enabling them to develop innovative solutions to mitigate 
and adapt to the adverse effects of climate change, while 
explicitly recognising their legitimate development rights. 

• Show leadership in developing and deploying clean 
energy technologies and approaches to energy efficiency, 
and share this knowledge with all other nations. 

• Mobilise the science and technology community to 
enhance research and development efforts, which can 
better inform climate change decisions. 


Notes and references 

1 This statement concentrates on climate change associated with global warming. We use the UNFCCC definition of climate change, which is ‘a change 
of climate which is attributed directiy or indirectiy to human activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods'. 

2 IPCC (2001). Third Assessment Report. We recognise the international scientific consensus of the Intergovernmental Panel on Climate Change (IPCC). 

3 lEA (2004). World Energy Outlook 4. Although long-term projections of future world energy demand and supply are highly uncertain, the World 
Energy Outlook produced by the International Energy Agency (lEA) is a useful source of information about possible future energy scenarios. 

4 With special emphasis on the first principle of the UNFCCC, which states; The Parties should protect the climate system for the benefit of present and 
future generations of humankind, on the basis of equity and in accordance with their common but differentiated responsibilities and respective 
capabilities. Accordingly, the developed country Parties should take the lead in combating climate change and the adverse effects thereof. 

5 Recognising and building on the IPCC's ongoing work on emission scenarios. 
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May 24, 2006 

OP-ED CONTRIBUTOR 

Finally Feeling the Heat 

By GREGG EASTERBROOK 
Washington 

TODAY "An Inconvenient Truth," Al Gore's movie about the greenhouse effect, opens in 
New York and California. Many who already believe global warming is a menace will 
flock to the film; many who scoff at the notion will opt for Tom Cruise or Tom Hanks. 
But has anything happened in recent years that should cause a reasonable person to 
switch sides in the global- warming debate? 

Yes: the science has changed from ambiguous to near-unanimous. As an environmental 
commentator, I have a long record of opposing alarmism. But based on the data I'm now 
switching sides regarding global warming, from skeptic to convert. 

Once global-warming science was too uncertain to form the basis of policy decisions — 
and this was hardly just the contention of oil executives. "There is no evidence yet" of 
dangerous climate change, a National Academy of Sciences report said in 1991. A 1992 
survey of the American Geophysical Union and the American Meteorological Society 
found that only 17 percent of members believed there was sufficient grounds to declare 
an artificial greenhouse effect in progress. In 1993 Thomas Karl, director of the National 
Climatic Data Center, said there existed "a great range of uncertainty" regarding 
whether the world is warming. Clearly, the question called for more research. 

That research is now in, and it shows a strong scientific consensus that an artificially 
warming world is a real phenomenon posing real danger: 

The American Geophysical Union and American Meteorological Society in 2003 both 
declared that signs of global warming had become compelling. 

In 2004 the American Association for the Advancement of Science said that there was 
no longer any "substantive disagreement in the scientific community" that artificial 
global warming is happening. 
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In 2005, the National Academy of Sciences joined the science academies of Britain, 
China, Germany, Japan and other nations in a joint statement saying, "There is now 
strong evidence that significant global warming is occurring." 

This year Mr. Karl of the climatic data center said research now supports "a substantial 
human impact on global temperature increases." 

And this month the Climate Change Science Program, the Bush administration's 
coordinating agency for global-warming research, declared it had found "clear evidence 
of human influences on the climate system." 

Case closed. Earth’s surface, atmosphere and seas are warming; ocean currents are 
slowing; ice shelves are melting faster than projected; spring is coming ever sooner; 
rainfall patterns are changing; North American migratory birds are ranging father 
north; the ability of the earth to self-regulate to resist warming appears to be waning. 
While natural variation may play roles in climatic trends, overwhelming evidence points 
to the accumulation of greenhouse gases, mainly from the burning of fossil fuels, as the 
key. 

Many greenhouse uncertainties remain, including whether rising temperatures would 
necessarily be bad. A warming world might moderate global energy demand: the rise in 
temperature so far has mostly expressed itself as milder winters, not hotter summers. 
Warming might open vast areas of Alaska, Canada and Russia to development. My 
hometown of Buffalo might become a vacation paradise. (Buffalo lakefront real estate is 
cheap. Here’s a tip: buy some now.) 

But it seems likely any global-warming benefits will be offset by unwanted trends. The 
National Academy of Sciences estimates that in the coming centuiy, sea levels may rise 
by as much as three feet. Tropical storms may continue to increase in number and fuiy. 
Diseases now confined to equatorial regions may spread father north and south. 

The greatest worry is that climate change will harm the agricultural system on which 
civilization is based. Suppose climate change shifted precipitation away from 
breadbasket regions, sending rain clouds instead to the world’s deserts. Over 
generations, society would adjust — but years of global food shortages might occur 
during the adjustment, likely causing chaos in poor countries and armies of desperate 
refugees at the borders of wealthy nations. 
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Scientific substantiation of a warming world is not necessarily reason for gloom. 
Greenhouse gases are an air pollution problem, and all air pollution problems of the 
past have cost significantly less to fix than critics projected, and the solutions have 
worked faster than expected. 

During the 1960's, smog in America was increasing at a worrisome rate; predictions 
were that smog controls would render cars exorbitantly expensive. Congress imposed 
smog regulations, and an outpouring of technical advances followed. Smog emissions in 
the United States have declined by almost half since 1970? and the technology that 
accomplishes this costs perhaps $100 per car. 

Similarly, two decades ago a "new Silent Spring" was said to loom from acid rain. In 
1991, Congress created a profit incentive to reduce acid rain: a system of tradable credits 
that rewards companies that make the fastest reductions. Since 1991 acid rain emissions 
have declined 36 percent, and the cost has been only 10 percent of what industry 
originally forecast. 

Today no one can make money by reducing greenhouse gases, so emissions rise 
unchecked. But a system of tradable greenhouse permits, similar to those for acid rain, 
would create a profit incentive. Engineers and entrepreneurs would turn to the problem. 
Someone might even invent something cheap that would spread to the poorer countries, 
preventing reductions here from being swamped elsewhere. Unlikely? Right now 
reformulated gasoline and the low-cost catalytic converter, invented here to contain 
smog, are becoming common in developing nations. 

President Bush was right to withdraw the United States from the cumbersome Kyoto 
greenhouse treaty, which even most signatories are ignoring. But Mr. Bush should speak 
to history by proposing a binding greenhouse-credit trading system within the United 
States. Waiting for science no longer justifies delay, as results are now in. 

Gregg Easterbrook, a fellow at the Brookings Institution, is the author of ''The 
Progress Paradox: How Life Gets Better While People Feel Worse. " 
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The correlation between temperature But as Dr. Thompson’s thermometer 
and CO 2 concentrations over the last shows, the vaunted Medieval Warm Pe- 
1,000 years — as measured in the ice core riod (the third little red blip from the lefi 
record byThompson’s team— is striking, below) was tiny compared to the enor- 
mous increases in temperature of 

Nonetheless, the so-called global- the last half-century (the red peaks at 

warming skeptics often say that global the far right of the chart). 

warming is really an illusion reflecting 

nature’s cyclical fluctuations. To support 

their view, they frequently refer to the 

Medieval Warm Period. 
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Response for the Record of Dr. Gerald R. North, Department of Atmospheric 
Sciences, Texas A&M University 


The Honorable Ed Whitfield 


1. As you ehaired the National Researeh Couneil panel that reeently issued the report on 
millennial temperature reeonstruetions: 

a. Where in the report did the panel deseribe "plausible" as suggesting roughly a 
2/3rds probability of being eorreet? 

In the report we shunned the use of numerical probability assessments in favor of 
descriptive statements (e.g., "high confidence") and statements that describe our relative 
confidence in different conclusions (e.g. "less confidence"). I may have mistakenly 
mentioned the "two to one odds "figure in the oral press release of the report, and it may 
also have appeared in some press accounts, but it does not appear in the report, and I 
avoided using it in my sworn testimony. 

b. In the report, did the panel attaeh probability estimates to the term "plausible"? 

No. The committee avoided numerical probability estimates because many of the 
uncertainties associated with reconstructing surface temperatures are not purely 
statistical in nature, but rather arise from physical factors associated with each proxy 
that are simply unquantiflable at this time. In our view it is not possible to quantify all of 
the inherent uncertainties associated with reconstructing surface temperatures from 
proxy data, which in turn precludes assigning numerical probabilities to statements 
regarding the unique nature of recent warmth. 

e. Why did the panel ehoose to use the term "plausible," as opposed for example to 
terms sueh as "likely," to deseribe eonfidenee in millennial temperature 
reeonstruetions? 

In the IPCC reports, the term "likely" is used to indicate an estimated probability of 
between 66% and 90%, i.e. greater than two-thirds odds but less than nine-in-ten 
chances. We avoided numerical estimates such as these because we did not want to 
imply that we had performed a rigorous probability assessment. Instead, we tried to 
express our collective confidence in different conclusions using descriptive language. 


2. When eonsidering the panel's findings that it is "plausible" that reeent deeades were the 
warmest in a millennium, is that eorreet to interpret that to mean the panel's eonsensus 
view was that plausible means roughly a 2/3rds probability of being eorreet, as was 
suggested in news reports following the press eonferenee releasing the report? 

Our working definition of "plausible" was that the assertion is reasonable, or in other 
words there is not a convincing argument to refute the assertion. We used this term to 
describe our assessment of the statement that “the last few decades of the 20th century 
were warmer than any comparable period over the last millennium " because none of the 
available evidence to date contradicts this assertion. In our view it is not currently 
possible to perform a quantitative evaluation of recent warmth relative to the past 1,000 
years that includes all of the inherent uncertainties associated with reconstructing 
surface temperatures from proxy data. This precludes stronger statements of confidence, 
but it does not mean that the assertion is false. In fact, all of the large-scale surface 
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temperature reconstructions that we examined support the assertion that global-mean 
temperatures during the last few decades of the 20th century were unprecedented over at 
least the past 1, 000 years, and a larger fraction of geographically diverse proxy records 
experienced exceptional warmth during the late 20th century than during any other 
extended period from 900 A.D. onward. 


3. Did the panel perform its own, in-depth teehnieal analysis of the methods and 
proeedures— sueh as eheeking the underlying data sets or attempting to replieate the 
findings - used in the various temperature reeonstruetion artieles and presentations it 
eonsidered in formulating its report? 

Our committee relied on the published, refereed scientific literature to reach its 
conclusions. We did not attempt to replicate the work of any previous author, with the 
lone exception of a simple computer program (reproduced in Appendix B of our report) 
that was used to illustrate an interesting artifact of the principal components 
methodology first noted by McIntyre and McKitrick. When evaluating the results of 
different studies, we placed higher confidence in those results that were reproduced in 
several different studies— for instance a number of independent lines of evidence indicate 
that the late 20th century warmth was unprecedented in at least the last 400 years, giving 
us high confidence in this conclusion. Less confidence can be placed in conclusions 
regarding large-scale surface temperatures prior to about 1600 A.D. because there are 
simply fewer independent lines of evidence to consider, although the evidence that does 
exist indicates that the late 20th century warmth is unprecedented for at least the last 
1, 000 years. 


4. The NRC panel made speeifie referenee to iee borehole studies in Greenland by Dahl- 
Jensen, whieh suggest warmer temperatures in that region during the Medieval Warm 
Period than today. Please explain the value of regional temperature measurements sueh as 
this for understanding the potential effeets of reeent warming trends? 

There are two main reasons for using large-scale averages rather than individual 
regional measurements to evaluate global environmental changes: 1) Random 
measurement errors and climate fluctuations tend to cancel out when spatial averages 
are performed, allowing researchers to obtain a more reliable estimate than is possible 
for a local or a regional average; 2) The greenhouse effect operates at the global scale, 
hence large-scale averages are the best way to evaluate the response of the climate to 
increasing greenhouse gas concentrations. Current climate models also are better at 
computing large-scale averages than regional-scale values. 

Of course in order to detect large-scale climate anomalies, either in the modern 
temperature record or in proxy-based temperature reconstructions, it helps to have a 
large network of high quality measurements for geographically-diverse regions. The 
main reason that we have high confidence in the temperature increase over the past 100 
years and in the statement that temperatures are warmer now than at any other time over 
the last 400 years is because we have a sufficiently large number of well-characterized 
local measurements to calculate a reliable large-scale average. Several proxies 
(including historical and archeological evidence as well as quantitative temperature 
estimates from ice cores and boreholes) indicate that the area around Greenland was 
warmer between about 1000 and 1200 A.D. than it is today. There is also evidence for 
warm temperatures during medieval times from other regions of the world. However, 
studies suggest that these warm anomalies appear to have occurred at different times at 
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different places rather than being globally synchronous, and also appear to have been 
offset by cold anomalies in other regions. The few large-scale surface temperature 
reconstructions that extend back far enough to rigorously compare large-scale medieval 
temperatures to modern warmth suggest that the medieval period was, at most, 
comparable in warmth to the first half of the 20th century. However, as noted above in 
response to question (4), it is difficult to quantify the full uncertainty associated with 
estimates of surface temperature prior to about 1600 A. D. 


The Honorable Bart Stupak 

1. In the study performed by a speeial eommittee of the National Aeademy of Seienees 
(NAS) on surfaee temperature reeonstruetions over the past 2,000 years, it was stated 
that, for the time prior to 1600 A.D., seientists are less eertain about the aetual average 
northern hemispherie surfaee temperatures. The Medieval Warm Period (MWP) oeeurred 
prior to 1600. How eertain are elimatologists that there was a globally or even 
hemispherieally MWP that was warmer than the past several deeades? 

Indeed, the paucity of proxy data for periods prior to about 1600 A.D., especially in the 
tropics and the Southern Hemisphere, limits our confidence in statements regarding the 
global mean temperature of the past few decades compared to medieval times. Several 
proxies indicate that the area around Greenland was warmer between about 1000 and 
1200 A.D. than it is today. There is also evidence for warm temperatures during 
medieval times from other regions of the world. However, studies suggest that these 
warm anomalies appear to have occurred at different times at different places rather 
than being hemispherieally or globally synchronous, and also appear to have been offset 
by cold anomalies in other regions. Although it is difficult to quantify the full uncertainty 
associated with estimates of surface temperature prior to about 1600 A.D., all of the 
large-scale surface temperature reconstructions that we examined support the assertion 
that global-mean temperatures during the last few decades of the 20th century were 
unprecedented over at least the past 1, 000 years, and a larger fraction of geographically 
diverse proxy records experienced exceptional warmth during the late 20th century than 
during any other extended period from 900 A.D. onward. Hence we find it plausible (or 
in other words, no evidence exists to refute the claim) that “the last few decades of the 
20th century were warmer than any comparable period over the last millennium . " This 
statement can be more strongly applied to the Northern Hemisphere than to the globe 
because there is very little proxy data from the Southern Hemisphere before about 1600 
A.D. 


2. The 1990 Intergovernmental Panel on Climate Change (IPCC) Report eontains a 
"sehematie diagram" that shows temperature ehanges for 900 A.D. through 1975, but 
does not give speeifie temperatures. The text of the report notes, "it is still not elear 
whether all the fluetuations indieated were truly global." Am I eorreet in my 
understanding that this sehematie diagram is not a graph of speeifie data points eonsisting 
of global temperature for partieular years or time periods? Am I also eorreet that the 
seientifie eonsensus at the time was that there was signifieant uneertainty about whether 
the diagram aeeurately portrayed the global temperature profile over the last 1,000 years? 

Yes, the schematic diagram that appeared in the 1990 IPCC Report was simply a 
qualitative depiction of how scientists thought that large-scale temperatures may have 
evolved from 900 A.D. to about 1975. There was very little proxy data available at that 
time, and the data that did exist tended to be concentrated in just a few geographical 
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regions, such as Greenland. The lack of a temperature scale and supporting 
documentation strongly suggests that the diagram was not based on a quantitative 
analysis, and also implies that there was considerable uncertainty about the magnitude 
and timing of the indicated fluctuations. As stated in our report, there is still 
considerable uncertainty about the exact timing and magnitude of past temperature 
fluctuations, especially prior to about 1600 A.D., but our knowledge has advanced 
considerably since 1990. Figure S-1 from our report illustrates the current state of the 
science in large-scale surface temperature reconstructions for the last 1, 000 years. 


3. What level of eertainty is there that the temperature ranges for the period of 900 
through 1975 A.D. sehematieally displayed in the 1990 IPCC report are aeeurate? Prior 
to Dr. Mann's work, had anyone attempted to attaeh a level of eertainty to the data 
relating to surfaee temperature reeonstruetion? 

There were no uncertainty assessments attached to the 1990 IPCC diagram. As 
discussed in response to question (2) above, this diagram was simply a qualitative 
depiction of how scientists thought that large-scale temperatures may have evolved from 
900 A.D. to about 1975. The papers by Dr. Mann and his colleagues in 1998 and 1999 
were, to my knowledge, the first attempts to assign statistical error bars to a large-scale 
surface temperature reconstruction. As noted in our report, these error bars provide an 
indication of how well the reconstructed temperatures match observations during the 
''calibration period, " but they do not represent all of uncertainties inherent in 
reconstructing surface temperature from proxy data. The actual uncertainties in the 
reconstruction would be somewhat larger, and difficult to quantify. 

4. Mr. Meintyre has testified that the NAS report stated that the bristleeone pine proxy 
used by Dr. Mann in his original work should not have been used. Was that the 
eonelusion of the panel? Please deseribe the eonelusion and provide eitations. 

Let me quote directly from page 50 of the prepublication version of our report: 

The possibility that increasing tree ring widths in modern times might be 
driven by increasing atmospheric carbon dioxide (CO 2 ) concentrations, rather 
than increasing temperatures, was first proposed by LaMarche et al. (1984) 
for bristleeone pines (Pinus longaeva) in the White Mountains of California. 

In old age, these trees can assume a “stripbark” form, characterized by a 
band of trunk that remains alive and continues to grow after the rest of the 
stem has died. Such trees are sensitive to higher atmospheric CO 2 
concentrations (Graybill and Idso 1993), possibly because of greater water- 
use efficiency (Knapp et al. 2001, Bunn et al. 2003) or different carbon 
partitioning among tree parts (Tang et al. 1999). Support for a direct CO 2 
influence on tree ring records extracted from ‘full-bark” trees is less 
conclusive. Increasing mean ring width was reported for Pinus cembra from 
the central Alps growing well below treeline (Nicolussi et al. 1995). Free-Air 
CO 2 Enrichment (FACE) data for conifer plantations in the Duke Forest 
(Hamilton et al. 2002) and at the alpine treeline (Hdttenschwiler et al. 2002) 
also showed increased tree growth after exposure to atmospheric CO 2 
concentrations about 50 percent greater than present. On the other hand, no 
convincing evidence for such effect was found in conifer tree ring records from 
the Sierra Nevada in California (Graumlich 1991) or the Rocky Mountains in 
Colorado (Kienast and Luxmoore 1988). Further evidence comes from a 
recent review of data for mature trees in four climatic zones, which concluded 
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that pine growth at treeline is limited by factors other than carbon (Korner 
2003). While ‘strip-bark' samples should be avoided for temperature 
reconstructions, attention should also be paid to the confounding effects of 
anthropogenic nitrogen deposition (Vitousek et al 1997), since the nutrient 
conditions of the soil determine wood growth response to increased 
atmospheric CO 2 (Kostiainen et al. 2004). However, in forest areas below 
treeline where modern nitrogen input could be expected to influence 
dendroclimatic records, such as Scotland (Hughes et al. 1984) and Maine 
(Conkey 1986), the relationship between temperature and tree ring parameters 
was stable over time. 

In summary, it appears that there is a carbon dioxide fertilization effect in some trees, but 
not in all the places where the samples used in the Mann et al studies were taken. Also 
note that this section of the report discusses the calibration of tree-ring records since 
atmospheric carbon dioxide levels started to increase around 150 years ago. Hence, in 
context, what the clause "strip-bark samples should be avoided for temperature 
reconstructions” was intended to convey is that strip-bark samples from the mid-19th 
century to the present are very difficult to calibrate against instrumental records of 
temperature, and the easiest solution is therefore not to use them. However, strip-bark 
data are considered suspect only after the modern increase in atmospheric carbon 
dioxide concentrations. This is why other studies that rely on strip-bark pine records only 
use them to infer past temperatures prior to 1850 (e.g., Biondi et al. 1999). This 
reference, and all of those cited in the above quote, can be found in the reference section 
of our report. 


5. The recent work by Wahl & Amman redid Dr. Mann's original work, but recentered it 
as Mr. Mcintyre suggested. Wahl and Amman's work, however, resulted in the same 
"hockey stick" distribution. Please explain why this work was not fully considered and 
evaluated in the NAS study. 

We did consider the Wahl and Ammann paper that was accepted for publication in the 
journal Climatic Change on February 28th of this year, in which they found that 
decentering has only a relatively minor influence on the shape of the final reconstruction. 
This paper was one of many that influenced our evaluation of the Mann et al. (1998, 
1999) papers and the robustness of surface temperature reconstructions in general. The 
effects of decentering are described explicitly in Chapter 9 of our report, and our 
conclusions regarding how decentering influences surface temperature reconstructions 
can be found in the following excerpt from page 106 of the prepublication version of the 
report: 

As part of their statistical methods, Mann et al. used a type of principal 
component analysis that tends to bias the shape of the reconstructions. A 
description of this effect is given in Chapter 9. In practice, this method, 
though not recommended, does not appear to unduly influence reconstructions 
of hemispheric mean temperature; reconstructions performed without using 
principal component analysis are qualitatively similar to the original curves 
presented by Mann et al. (Crowley and Lowry 2000, Huybers 2005, DArrigo 
et al. 2006, Hegerl et al. 2006, Wahl and Ammann in press). 

Drs. Wahl and Ammann (along with Dr. Ritson) also authored a paper that appeared in 
Science magazine on April 28th of this year alongside a response written by Drs. von 
Storch and Zorita. These papers were under embargo during our deliberations, and thus 
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we were not able to consider them during our deliberations, although we did note (on 
page 105) that "the... debate in the scientific literature continues even as this report goes 
to press (von Storch et al. 2006, Wahl et al. 2006). ” These papers address a separate 
statistical issue than the one discussed above, in particular the issue of detrending the 
data prior to performing principal components analysis. My personal impression of 
these two papers is that the quote cited above still applies, that is, none of the statistical 
criticisms that have been raised by various authors unduly influence the shape of the final 
reconstruction. This is attested to by the fact that reconstructions performed without 
using principal components yield similar results. 


6. In the hearing, Dr. Wegman ehallenged "anybody" to tell him the differenee between 
72 and 74 degrees Fahrenheit. Please deseribe the elimatie and other ehanges that ean 
result from a global inerease in temperature of 2 degrees Fahrenheit. 

As context, let me first point out that the difference in global-mean temperature between 
today and the height of the last Ice Age, when New York and Seattle were covered with 
over a kilometer of ice, is estimated to be only about 10 degrees Fahrenheit. Hence, a 
change in global-mean temperature of two degrees would represent a considerable 
perturbation to the global climate system. Small changes in local temperatures can also 
be associated with large impacts. For example, for every degree Fahrenheit increase in 
mean annual temperature near Greenland, the rate of sea level rise is projected to 
increase by 10%. Snowpacks on mountains in the western U.S., which millions of people 
depend on for drinking water and other uses, is likewise extremely sensitive to small 
temperature changes. Natural ecosystems are also vulnerable to changes in 
temperature— in the Midwest, a one degree change in annual mean temperature might 
translate into several hundred miles in the ecological distribution of certain plants and 
grasses, and a warming of just a few degrees could have devastating impacts on New 
England's maple syrup industry and California's vineyards. Many parts of the climate 
system are already feeling the impacts of the one degree rise in global-mean temperature 
observed during the 20th century. As we noted on page 27 of the prepublication version 
of our report: "glaciers are retreating, permafrost is melting, snowcover is decreasing, 
Arctic sea ice is thinning, rivers and lakes are melting earlier and freezing later, bird 
migration and nesting dates are changing, flowers are blooming earlier, and the ranges 
of many insect and plant species are spreading to higher latitudes and higher elevations 
(e.g., ACIA 2001, Parmesan and Yohe 2003, Root et al. 2003, Bertaux et al. 2004, 
Bradshaw and Holzapfel 2006). ” 


7. Dr. Von Storeh testified that the effeet of the "deeentering" error in the Mann study, 
whieh was the basis of the Meintyre and Wegman eritieisms, was "very minor." The 
NAS study did not refer to "deeentering." How signifieant was the analysis of 
"deeentering" to the NAS eonelusions? 

/ believe Dr. von Storch was referring to the same phenomenon that I described in my 
response to your question #5. Our committee did consider the effects of deeentering, 
along with other criticisms of the Mann et al methodology, and found that it "does not 
appear to unduly influence reconstructions of hemispheric mean temperature. ” 


8. At the hearing you were asked if you disputed the eonelusions or the methodology of 
Dr. Wegman' s report, and you stated that you did not. Were you referring solely to Dr. 
Wegman's eritieism of the statistieal approaeh of Dr. Mann, or were you also referring to 
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Dr. Wegman's social network analysis and conclusions? 

Dr. Wegman ’s criticisms of the statistical methodology in the papers by Mann et al were 
consistent with our findings. Our committee did not consider any social network 
analyses and we did not have access to Dr. Wegman 's report during our deliberations so 
we did not have an opportunity to discuss his conclusions. Personally, I was not 
impressed by the social network analysis in the Wegman report, nor did I agree with most 
of the report's conclusions on this subject. As I stated in my testimony, one might 
erroneously conclude, based on a social network analysis analogous to the one 
performed on Dr. Mann, that a very active and charismatic scientist is somehow guilty of 
conspiring or being inside a closed community or ‘mutual admiration society \ I would 
expect that a social network analysis of Enrico Fermi or any of the other scientists 
involved with the development of modern physics would yield a similar pattern of 
connections, yet there is no reason to believe that theoretical physics has suffered from 
being a tight-knit community. Moreover, as far as I can tell the only data that went into 
Dr. Wegman ’s analysis was a list of individuals that Dr. Mann has co-authored papers 
with. It is difficult to see how this data has any bearing on the peer-review process, the 
need to include statisticians on every team that engages in climate research (which in my 
view is a particularly unrealistic and unnecessary recommendation), or any of the other 
findings and recommendations in Dr. Wegman 's report. I was also somewhat taken 
aback by the tone of the Wegman Report, which seems overly accusatory towards Dr. 
Mann and his colleagues, rather than being a neutral, impartial assessment of the 
techniques used in his research. In my opinion, while the techniques used in the original 
Mann et al papers may have been slightly flawed, the work was the first of its kind and 
deserves considerable credit for moving the field of paleoclimate research forward. It is 
also important to note that the main conclusions of the Mann et al studies have been 
supported by subsequent research. Finally, while our committee would agree with Dr. 
Wegman that access to research data could and should be improved, as discussed on 
page 23 of the prepublication version of our report, we also acknowledge the 
complicated nature of such mandates, especially in areas such as computer code where 
intellectual property rights need to be considered. 


The Honorable Marsha Blackburn 


1 . Dr. Mann used many temperature measurements from different sources to produce his 
graph. In your opinion, how much emphasis or reliance did he place on surface records 
and satellite measurements? 

To perform their surface temperature reconstruction. Dr. Mann and his colleagues made 
use of proxy data derived primarily from tree rings, ice cores, and documentary sources. 
Tree rings and ice cores, like other natural proxies, do not record temperature directly, 
but are correlated with local temperatures through physical and physiological 
mechanisms. They also made use of surface thermometer records from the last 150 
years, which were used to calibrate the reconstruction (i.e. translate the proxy data into a 
record of temperature) and to validate their results (i.e. test whether the reconstructed 
temperatures match a portion of the observations reserved for this purpose). All 
paleoclimate reconstructions use a similar methodology, with the exception of 
reconstructions based on borehole temperature measurements and glacier length 
records, which are translated directly into temperature time series using models based on 
the laws of physics. Satellite measurements are not used in any paleoclimate 
reconstructions because they only go back about 30 years, which is much too short for 
this application. 



593 


a. How much weight do you think should be given to these measurements? 

Dr. Mann and his colleagues used all of the quality-controlled proxy data that they had 
at their disposal at the time. As we indicated in our report, the available proxy data are 
plentiful and geographically diverse for the last 400 years, but decrease in number and 
become subject to increasing uncertainties going back further into the past. Hence, we 
have high confidence in the surface temperature reconstructions based on these data for 
the last 400 years, but less confidence in reconstructions for the period from 900 to 1600 
A.D. This increasing uncertainty moving back in time is reflected, in part, by the 
increasing size of the error bars prior to 1600 A.D. in the original 'hockey stick' curve, 
although these error bars do not account for all of the uncertainties inherent in the 
reconstruction. 


2. The surface record and the satellite measurements indicate that if maybe natural 
warming and not human-induced warming. Yet, in your testimony, you say that 
increasing concentrations of greenhouse gases caused the warming. How do we reconcile 
your statement with the historical record? 

The temperature record alone cannot tell us the difference between ‘natural’ and 
‘human-induced’ temperature changes. One has to try to explain the observed warming 
using the laws of physics. During the last 100 years, the global-mean temperature first 
increased strongly, then remained constant or decreased slightly, then increased strongly 
again. Simple radiative transfer calculations and sophistical climate models both show 
that the total amount of warming observed over the 20th century is consistent with the 
observed increases in greenhouse gas concentrations in the atmosphere, which are 
undeniably the result of human activities. Changes in solar output can also influence the 
climate system. However, satellite measurements show that the sun has not increased in 
luminosity over the last 30 years, and estimates based on terrestrial measurements show 
only a modest increase in solar output during the first half of the 20th century. A third 
factor that may have had a significant influence on global-mean climate during the 20th 
century is atmospheric aerosols. These are the tiny particles that, like greenhouse gases, 
are emitted from volcanoes and other natural sources as well as from anthropogenic 
sources, but have been increasing in concentration in the atmosphere over the past 
century mainly due to the burning of fossil fuels and other human activities. Aerosols 
influence climate in a variety of ways, some of which are well known and others of which 
are active areas of research, but in general they have a cooling influence on climate. 
There is some evidence that suggests that aerosols may be primarily responsible for the 
slight decrease in global-mean temperature observed during the middle of the 20th 
century, and they might also be offsetting some of the warming due to greenhouse gases. 

a. Also, the historical record indicates that in the past 100 years, the Earth's global 
temperature warmed and cooled significantly while the concentrations of carbon dioxide 
increased. Would this not also indicate that the level of carbon dioxide in the atmosphere 
has had little effect on the warming of the atmosphere? 

No. The Earth's temperature over the past 100 years was influenced by increases in 
carbon dioxide and other greenhouse gases, which have a warming effect, by changes in 
aerosols, which generally cool the climate, and by other climate forcings. Thus, the 
observed temperature variations reflect the net effect of these different forcings. 


We have a very good understanding of the direct impact of carbon dioxide and other 
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greenhouse gases on global temperature. Straightforward radiative transfer calculations 
tell us that carbon dioxide has a significant influence on global climate. Sophisticated 
climate models also show that the observed temperature changes during the 20th century 
cannot be reproduced unless greenhouse gases increases are included. There are also 
other lines of evidence indicating that carbon dioxide and other greenhouse gases have a 
strong influence on global climate. For example, models cannot reproduce the global- 
mean cooling that occurred during the last Ice Age without incorporating the reduced 
levels of greenhouse gases that prevailed during that time. 


3. You also state in your testimony that even if it was as warm or warmer 1000 years ago 
than today that it would not effeet today's eonsensus on global warming. That seems to 
not be logieal beeause if the Earth goes through natural eyeles of warming and eooling, 
then would not the warming and eooling eyeles over the past 60 and 500 years be a 
similar indieation of phenomenon? 

It is true that the Earth has experienced natural cycles of warming and cooling over its 
history, however natural climate forcings (solar activity, changes in natural aerosols) 
observed over the last century are not large enough to produce the observed warming, 
especially for the last 30 years. There is a large and compelling body of evidence 
indicating that human-induced greenhouse gas increases are responsible for at least part 
of the total warming over the 20th century, and most of the warming over the last 30 
years. Over the last 100 years and especially the last 30 years, we have very good data 
for both temperature and all of the major climate forcings (greenhouse gases, solar 
activity, and aerosols). Analyses of these data indicate that human-induced greenhouse 
gases appear to be responsible for much of the warming over the last 30 years and at 
least part of the total warming over the last century. Reconstructions of surface 
temperature over the past 1,000 years are one piece of the scientific evidence, but these 
reconstructions are sufficiently uncertain, especially prior to 1600 A.D., that they are not 
usually considered to be among the primary evidence for human-induced global 
warming. In addition, temperature data alone do not tell us anything about cause and 
effect. 

In contrast, we know that greenhouse gases did not vary much during the 1, 000 years 
prior to the industrial revolution, but we have very little data about how solar output and 
aerosols varied over this period. Moreover, what little evidence we do have shows only 
small variations in climate forcing due to natural causes. Hence, if we were to find out 
that the global-mean temperature 1, 000 years ago was warmer than today, this would 
mean that the Earth's climate is even more sensitive to small forcings than we thought, 
which would mean that projections of future warming may be overly conservative. 
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Response for the Record of Dr. Thomas J. Crowley, Nicholas Professor of Earth 
Science System, Duke University 

Response by T. Crowley to Followup Questions on July 19 Testimony 
The Honorable Marsha Blackburn: 


1. Do you agree or disagree with the surface record and satellite data which 
indicate that global temperatures did not start to rise significantly until the 1998 
El Nino? 

I emphatically disagree with this statement. The surface temperature record clearly 
shows very substantial warming before 1998. Recent work furthermore indicates that 
the satellite observations are close to being reconciled with these surface 
observations - and that the prior differences between the two was to a coding error in 
the analysis of the satellite data, not a problem with the surface data. 
Congresswoman Blackburn, anyone who tries to tell you that the warming did not 
occur until 1998 is seriously misleading you. 


2. Do you believe the available data shows a global Little Ice Age and/or Medieval 
Warm Period? 

It is not easy to give an unequivocal answer to this, because southern hemisphere 
data are considerably more spotty than northern hemisphere data. The available data 
suggest that the southern hemisphere did indeed have a cold period about the same 
time as the northern hemisphere. There are some indications of warmth in the 
southern hemisphere prior to that time, but it is not clear whether the timing of that 
warmth was the same as in the northern hemisphere. Although some northern 
hemisphere places during the Middle Ages were locally warmer than they are today, 
in the best-dated records the timing of Medieval warmth varied in different places. 
This is why composite reconstructions almost always show that the mean warmth 
for the Middle Ages is usually comparable to the mid-20^^ century but not the late 
20^^ century. 

3. Do you agree or disagree with the statement that warming from 1900 to 1940 
was caused by increase of solar activity or the warming of the Sun? 

I disagree with the statement because it is too categorical. There are some 
indications that changes in solar behavior may have contributed to the mid-20^^ 
century warming. But when this “solar connection”is tested by going farther back in 
time the conclusions become much more equivocal. The most methodical analysis 
(see Attachment #1 - Hegerl et al. 2003) provides at best weak support for the long- 
term role of solar variability. Furthermore, the magnitude of past solar variations is 
very uncertain - even optimistic estimates indicate it is only a fraction of present 
greenhouse gas forcing. The present thinking is that the mid-20^^ century warming 
was due to a combination of weakened volcanic cooling, greenhouse warming, 
“natural variability”, and perhaps a modest contribution from solar output changes. 

4. What is your opinion on the effect of the 1998 El Nino on the recent rise in 
temperatures? 
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The 1998 El Nino certainly contributed to the (at that time) record global 
temperatures but I don’t think anyone seriously thinks it has a long term effect on 
global temperature - the heat just dissipates too quickly in the atmosphere to have 
such an effect. I might add that it has taken less than a decade for the continually 
rising temperatures to approach or equal the 1998 temperatures. This increase is 
very disconcerting in terms of how fast the planet is warming. 

End of reply to the Honorable Marsha Blackburn 


The Honorable Bart Stupak: 

1. In the hearing, Dr. Wegman testified that your 2000 published work, which 
used a simple averaging proxy methodology, obtained the same “hockey stick” 
configuration as Dr. Mann’s original work did. Dr. Wegman blames this 
conclusion on “proxies appropriately selected” apparently because of use of the 
bristlecone pine proxy. 

Please explain if and why your work also used the bristlecone pine proxy and 
respond to Dr. Wegman’s criticisms of its use. 

I do not recall Dr. Wegman making this testimony but will accept your claim. 
Actually the purpose of the Crowley-Lowery 2000 study (ms. submitted as hard 
copy during testimony) was not to reproduce Mann et al. with a different 
methodology but just to determine what would happen if we took a broad swath of 
data and just summed them up. I was as surprised as anyone that the result was as 
close to Mann et al. as it was - bristlecone pine or no bristlecone pine (the one we 
used was different than Mann et al’s). The principal significance of our finding was 
that the Mann et al. result appeared to be robust because it could be reproduced with 
a different methodology - a standard approach in science. 

The bristlecone pine business is a red herring. If the bristlecone pine record is 
removed from the composite of a dozen or so records, it will show slightly greater 
warming in the Middle Ages. But one record can only make so much a difference 
when it is averaged among a dozen, especially since the general shape of the 
bristlecone pine record is comparable to the other records. 

A more important objection to the bristlecone pine argument is that it should not be 
included. Why not? In statistics anyone can use something as a predictor or 
something else. The question is how could a predictor is it? Some have claimed 
that it should not be included because it is more affected by some other process (for 
example, precipitation). But a principal assumption of regression based prediction 
approaches is that the variables used for making predictions are linearly correlated 
with the variable they are predicting (in this theoretical case, precipitation with 
temperature). The degree of skill in the predictor can be tested by its correlation 
with temperature. If it has a poor correlation, it has little skill. This is an approach 
we have adopted in later papers, but the purpose of the original study was to just 
take as simple as an approach as possible. 
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2. There were numerous references in the hearing to a schematic drawing of what 
scientists supposed surface temperatures might have been from 1000 A.D. to 
1975 in the 1990 report of the Intergovernmental Panel for Climate Change 
(IPCC) . You stated in your testimony that Dr. Mann’s study represented the 
first attempt to estimate the uncertainties for surface temperature 
reconstructions prior to the instrumental period. Can you describe what level 
of uncertainty would have been placed on the 1990 schematic drawing, and 
what level of uncertainty Dr. Mann established for the period prior to 1600 
A.D. 

This is a good question! But before answering it I have to explain what happened 
during the formulation of the 1990 figure. At that time we really did not have any 
hemispherie estimates of temperature. What IPCC did in 1990 was informally poll 
various experts for a “guesstimate” of what the temperatures were like (I vaguely 
reeall being asked by someone around that time, but I do not know if it was related 
to the IPCC figure). Many seientists had heard of the “Medieval Warm Period” and 
stories of warmth greater than the present. Despite warnings from a prominent 
Chinese seientist, and a prominent English seientist, that the timing of warmth in the 
Middle Ages was not the same in all plaees, many people (ineluding some still now) 
assumed that the Medieval Warmth was globally synehronous. Thus the 1990 figure 
- entirely sehematie and left standing until it eould be replaeed by an alternate 
quantitative estimate, with meaningful uneertainty estimates (i.e., the Mann et al. 
paper, and others that have followed). 

Now for the uneertainty estimates. One would have to be very wary to apply 
uneertainty estimates to a qualitative figure, but if one were to do so, then maybe a 
“ball park” 0.5 °C (about 1.0 °F) uneertainty might be applied. If so, then one 
would have to eonelude that is not possible to make a robust statement that the 
Middle Ages were warmer than the present, beeause the original estimate likely did 
not exeeed 0.5°C above “present” (whieh at the time of writing of the report was 
about seventeen years ago). [Note that I eannot find my eopy of the original figure, 
so I would have to doubleeheek the 0.5*C peak, but beeause the uneertainty estimate 
is also uneertain, I still stand by my eonelusion about “inability to make a robust 
statement” 

With respeet to the uneertainty estimates prior to 1600 in the Mann et al. paper, the 
most that ean be stated is the estimates are substantially larger than for the later 
period just beeause there are mueh fewer reeords. The uneertainties for estimates of 
annual temperature are about 0.5°C in Mann et al. (1999). However, the degree of 
uneertainty would deerease as reeords are smoothed. For example, forty year 
smoothing of the Mann et al. reeord yields uneertainties of about 0.4°C. Smoothing 
eomparable to the very smoothed 1990 IPCC figure has not, to my knowledge, been 
eomputed, but a reasonable guess would be that it would be in the range of 0.2- 
0.3°C. 


3. Please describe the peer review process for your most recent publications. 

The peer review proeess has been pretty similar for my entire seientifie eareer. The 
paper goes out to 2-3 reviewers, who almost always provide anonymous peer 
reviews (i.e., they ean say anything they want about it!). If the reviewers like the 
paper but have questions, the editor will request that a revised manuseript be 
prepared that takes into aeeount reviewer eoneems, and that a separate aeeounting 
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be made to the editor and reviewer about how speeifieally we addressed those 
eoneemed. Depending on the seriousness of the eoneems, the editors will then 
either review the response themselves, or send it baek to the reviewers (if the 
eoneems are minor he or she would probably not sent it baek to the reviewers). In 
some eases the reviewer may still be dissatisfied, in whieh ease the authors would 
have to reiterate, but in many eases the reviewers will be satisfied. In some eases an 
editor might deeide that if a reviewer is still dissatisfied, then the editor may ehoose 
to rejeet the paper. Only after the editor is fully satisfied that reviewers and 
reeoneiled will the editor aeeept the paper. In some eases the editor may aeeept a 
paper even if there are disagreements with reviewers, beeause a subjeet matter may 
be eontroversial and an editor may feel that all sides of an issue deserve a publie 
airing. In that ease an editor may still aeeept a paper that has been opposed by a 
reviewer. 

End of reply to the Honorable Bart Stupak 


The Honorable Henry A. Waxman : 

1. You were added to the witness list for this hearing on short notice, and 
therefore had very little time to prepare your testimony. In reviewing your 
previously submitted testimony, is there anything you would like to clarify or 
supplement for the record. 

Thank you for the opportunity to respond to this. I am satisfied with most of the 
doeument but there are a few typos and grammatieal mishaps I would like to eorreet. 
I am also ehagrined by the ehoiee of words I sometimes used to deseribe some of 
Dr. Wegman’s report, and would like to ehange those. I will therefore send you a 
slightly revised version of the original doeument that makes sueh ehanges. If it is 
not possible to replaee the original with the revision, then my statement herein is all 
I would like to add as a supplement. 


End of Reply to the Honorable Henry A. Waxman 
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[i] We apply a multiple regression method to estimate the 
response to anthropogenic and natural climate forcings 
simultaneously from a number of paleo-reconstructions of 
Northern Hemispheric average temperature. These long 
records (600 to 1000 years) provide a unique opportunity to 
distinguish between different external influences on climate. 
The response to volcanic forcing is reliably detected in all 
reconstructions, and the simulated temperature response to 
volcanic eruptions compares favorably with observations. 
The response to solar forcing is detected in Hemispheric 
mean data only over some periods in some records, and 
appears weak. Although most records can be used only to 
the middle of the 20th century, the temperature response to 
CO 2 can be detected by this time in most records. Index 
TERMS: 1699 Global Change: General or miscellaneous; 3344 
Meteorology and Atmospheric Dynamics: Paleoclimatology; 1650 
Global Change: Solar variability; 1620 Global Change: Climate 
dynamics (3309). Citation: Hegerl, G. C., T. J. Crowley, S. K. 
Baum, K.-Y. Kim, and W. T. Hyde, Detection of volcanic, solar 
and greenhouse gas signals in paleo-reconstructions of Northern 
Hemispheric temperature, Geophys. Res. Lett., 30(5), 1242, 
doi:10.1029/2002GL016635, 2003. 

1. Introduction 

[ 2 ] Results from recent detection and attribution studies 
based on 20th century instrumental data yield an increasing 
confidence in the detection of the anthropogenic greenhouse 
gas signal in 20th century temperature records [see, Mitchell 
et al, 2001]. One of the key uncertainties of detection 
efforts based on instrumental data is that estimates of 
internal climate variability need to be derived from simu- 
lations with coupled climate models, and that the interde- 
cadal to secular variability of climate models cannot be 
easily validated. Paleoclimatic data over several centuries 
provide a framework to consider both forced climate change 
and observed internal climate variability. The length of the 
records also enables better separation of the influence of 
different external forcings on climate, thus providing better 
estimates of the temperature response, particularly to natural 
climate forcing, such as volcanism and changes in solar 
radiation [cf. Tett et al, 1998]. 
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[3] Studies based on paleoclimatic data indicate a role of 
solar and volcanic forcing [e.g., Mann et al, 1998; Free and 
Robock, 1999; Crowley, 2000; Shindell et al, 2001]. Finger- 
print detection methods (see below) are particularly suitable 
to reliably distinguish the influence of all relevant external 
influences from each other and from climate variability [see 
Mitchell et al, 2001]. Here, we apply such a method to the 
detection and attribution of natural and anthropogenic forc- 
ings in a range of reconstructions of temperature over the 
past 6 to 10 centuries. 


2. Detection Method 

[ 4 ] We apply a multiple regression approach to detect and 
estimate fingerprints of anthropogenic forcing in paleo- 
reconstructions of Northern Hemispheric mean temperature. 
Such methods have been successfully applied to the detection 
of 20th century temperature change and its attribution to 
anthropogenic and natural forcings [e.g., Hegerl et al, 1997; 
Tett et al, 1998]. The observed record is linearly composed 
from a number of externally forced signals (here, the climate 
response to volcanism, solar forcing, and a combination of 
greenhouse gases and sulfate aerosols), and the residual is 
attributed to internal climate variability. The shape of the 
externally forced signal (“fingerprint”, here its time evolu- 
tion) is derived from simulations with a climate model (here 
an energy balance model, “EBM”). The amplitude of the 
signal is estimated from observations. If the amplitude of a 
signal is significantly different from zero, then the signal is 
“detected”. If a signal amplitude of “1” is within the 
uncertainty range, the model signal is consistent with obser- 
vations. Only if all signals with a substantial presence in the 
observed record are considered simultaneously can the 
observed climate variations be reliably attributed to external 
forcings and climate variability. 

[5] The uncertainty range for the amplitude estimate is 
based on variations in fingerprint amplitudes that arise from 
internal climate variability and random errors in the recon- 
structions (“noise”). Noise samples are based on the residual 
proxy-timeseries after subtracting the best estimate of the 
externally forced signals. To provide a large sample, the 
residual timeseries has been shifted by increments of one 
year (appending the cut-off from the beginning at the end), 
yielding as many samples as years in the record, each of 
them of the same length as the record. The effective sample 
size is limited due to autocorrelation, its estimate (after 
subtracting three for fitting three time series to the data) 
typically exceeds 20 samples for entire records. The residual 
timeseries generally agree with a Gaussian distribution, and 
the resulting confidence limits are nearly identical if Monte- 
Carlo simulations of a fitted red-noise process are used. In a 
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few cases, the residual exhibits unusually large trends over 
some period that cannot be explained by the forcings. 
Results then need to be treated with caution. 

[6] The results of the detection analysis are sensitive to 
the accuracy of the simulated climate response to forcing, 
and errors in the forcing and paleo reconstruction. Errors in 
the amplitude of forcing, EBM response or paleo recon- 
struction do not influence the detection of signals, but will 
bias the scaling required to best fit observations. Errors in 
the shape of the fingerprint and proxy-timeseries will, 
however, lead to low estimates of the signals and possibly 
prevent their detection. 

3. Observations 

[7] We utilized a range of proxy-based reconstructions 
for Northern Hemispheric temperature evolution. Among 
them are records based on tree ring data only [Briffa et al, 
2001, hereinafter referred to as BOl; Esper et al, 2002, 
hereinafter referred to as E02]. Both records are based on 
tree ring data which have been standardized using an 
average age curve (such as “Age banding” in BOl and 
“Regional Curve Standardization” in E02). This preserves 
decadal and secular variability better than the earlier used 
individual age model [cf Briffa et al, 1998]. BOl is a 
record of Northern Hemisphere (NH) 20N-90N growing 
season (April- September) land temperature; the dimension- 
less record E02 has been also scaled to the NH growing 
season average over land. 

[s] We also consider the Mann et al [1999, hereafter 
referred to as M99] multi-proxy reconstruction of annual 
NH temperature (0-90N) and a modified version [T. J. 
Crowley et al, in preparation, “CLH”] of the Crowley and 
Lowery [2000, hereinafter referred to as CLOO] reconstruc- 
tion (correlation with CLH 0.94). The latter is a weighted 
average of 9 long decadal or decadally averaged records 
over the Northern Hemisphere mid-to-high latitudes (30-90 
N, the records sample both the warm and cold season, with 
a likely bias towards the summer half year). The weights are 
determined from the regression coefficients of individual 
records with the 30-90 N annual mean instrumental record 
during the period of overlap {Jones et al, 1999]. The 
resulting paleo time series was scaled so that the regression 
fit with the instrumental data from 1880-1960 had a slope 
of 1.0 [decadal correlations of 0.81 (with trend) and 0.66 
(detrended)]. For consistency, the scaling of E02 is based on 
the same period and also decadally filtered data. 

[ 9 ] There is good qualitative agreement between the 
reconstructions - all show a more or less pronounced 
Medieval warm period, warm intervals for most of the 
16th and 18th century, a cool 17th and early 19th century, 
and a temperature rise in the early 20th century. However, 
the amplitude and timing of fluctuations varies between 
records [cf Briffa and Osborn, 2002]. 

4. Model and Forcing Time Series 

[ 10 ] Ideally, fingerprints for external climate forcing are 
derived from large ensembles of general circulation model 
(GCM) simulations driven by variations in individual 
forcings over 600-1000 years. However, such simulations 
are not yet available. EBM simulations reproduce many 
aspects of the large-scale temperature response of GCMs 



Figure 1. Detection results for the updated Crowley and 
Lowery [2000] reconstruction of decadal Northern Hemi- 
spheric mean temperature (north of 30N, calendar year 
average). Upper panel: Paleo reconstruction (black) com- 
pared to the instrumental data (grey) and the best estimate of 
the combined forced response (red), middle panel; response 
attributed to individual forcings (thick lines) and their 5-95% 
uncertainty range (thin lines), lower panel: residual varia- 
bility attributed to internal climate variability and errors in 
reconstruction and forced response. An asterisk denotes 
a response that is detected at the 5% significance level. 

to radiative forcing without influence from internal climate 
variability. Previously, hemispheric mean temperature 
reconstructions [e.g., M99, CLOO] were compared with 
EBM simulations for the whole Northern Hemisphere 
[Free and Robock, 1999; Crowley, 2000]. Since most 
paleoclimatic data are from the mid- and high-latitudes 
of the Northern Hemisphere, we employ here a linear 
North-type [North et al, 1983] 2D (i.e., realistic land-sea 
distribution) seasonal model to compare the model results 
over the same season and the same subsection of the 
Northern Hemisphere that is covered by the data (for 
example, land only records based on data from 20-90 N 
are compared with EBM land data from the same latitude 
strip). The EBM responds similarly as GCMs to changes 
in boundary conditions, including the seasonal cycle of 
insolation [Crowley et al, 1991] and shows a similar 
response to volcanism in the late 20th centuiy [cf Stott 
et al, 2000]. 

[ 11 ] The sensitivity of the EBM is set to 2.5 K for C02 
doubling in the present study, since a sensitivity between 2 
and 3 yielded reasonable agreement between the amplitude 
of combined forcing simulations and the CLH paleodata 
[T. J. Crowley et al., in preparation]. The model is driven by 
external forcing changes in greenhouse gases, solar irradi- 
ance, volcanism, and tropospheric aerosols. The greenhouse 
gas and solar forcing used in the present study are from 
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Figure 2. As Figure 1 , but based on the Briffa et al. [200 1 ] 
reconstruction of NH growing season temperature (April 
through September) over land (north of 20 N) 1402 to 1940. 

Crowley [2000]. We employ an aerosol forcing of 0.5 W/m^ 
for 30-90 N from 1900 on, and 0.3 W/m^ from 0-30 N. 
The sulfate aerosol fingeiprint is added to the greenhouse 
gas only fingerprint and then both are estimated together. 
Results proved insensitive to doubling or omitting the 
aerosol fingerprint except for a small variation in the 
estimate of the combined signal. 

[ 12 ] The volcano forcing time series used in Crowley 
[2000] has been slightly revised [7^ J. Crowley et al, in 
preparation]. In addition to ice core data used previously, we 
factored in the assessment of Robock and Free [1996]. The 
ice core Aerosol Optical Depth (AOD) was initially deter- 
mined by matching the 1883 Krakatau peak in the ice cores 
to the instrumental AOD record [Sato et al, 1993]. Because 
there is considerable uncertainty about the absolute value of 
Krakatau AOD estimates, the preliminary scaling for 1900- 
1960 was validated against the presumably more-reliable 
30-90 N 1900-1960 portion of the AOD record. The 
aerosol optical depth was converted to radiative forcing using 
a factor of 30 [Sato et al, 1993] determined by detailed 


radiative convective modeling. A volcano catalog [Simkin 
and Siebert, 1994] was used to assign tentative sources to 
many of the eruptions. Unknown ice core peaks in the pre- 
anthropogenic record were assigned a high latitude (>50°) 
origin unless they could be verified in ice cores from 
Antarctica [see Crowley, 2000]; thus minimizing the effects 
of ice core volcano peaks unless their larger-scale imprint can 
be verified from independent data. This proxy-reconstruction 
agrees in general with other reconstructions of volcanic 
forcing, and has an estimated uncertainty of ca. 50%. 

5. Results 

[ 13 ] Figure 1 shows the estimated contribution of solar, 
volcanic and greenhouse gas forcing to the CLH record, and 
Figure 2 to the BOl record. A comparison of signal 
estimates and detection results between the different recon- 
structions is given in Table 1. Results using different 
reconstructions compare favorably. The results are domi- 
nated by low frequency aspects of the signals (low-pass 
filtering the annual/seasonal data yielded nearly identical 
results). In all cases, the volcanic signal is highly signifi- 
cant. A C02/aerosol signal is detected in BOl (although this 
record can only reliably be used to 1940), in CLH and E02 
by 1960 (Table 1), and in M99 by 1980 (not shown). 

[ 14 ] Attributed signal amplitudes are generally consistent 
between analysis periods (c.f. Table 1). The observed 
response to volcanic forcing is consistent with the model 
simulations in BOl, CLH and E02 and tends to be smaller 
than simulated in M99. This may be, at least partly, due to 
dynamically induced winter warming [Robock and Mao, 
1992] which reduces the effect of volcanism on annual 
means. The greenhouse gas signal is larger than simulated 
in E02 and smaller than simulated in M99. The residual 
from the M99 record, after analyzing a period encompassing 
the 19th century, shows a large fluctuation not explained by 
either forcing. A possible reason is that the response to other 
external influences, such as land use change, has a stronger 
influence on M99 than the other records and disturbs the 
agreement between simulations and observations. If this 
period is omitted from the analysis, the estimates of the 
contributing forcings are generally larger. 

[ 15 ] Solar signals with an amplitude that is consistent 
with simulations are detected in a two-way regression 
between solar and volcanic signals between 1000 and 
1830 in M99 and in CLH. However, if the CO 2 forcing is 
included in the analysis, some of the Maunder mimimum 
cooling gets attributed to a small drop in CO 2 (c.f Figures 
1-2. In that case, the response to solar forcing is only 


Table 1. Estimated signal amplitudes (unit-less) as scaling factors by which energy balance model simulations need to be scaled for best 
agreement with observations (“ 1 ” indicates a correct amplitude of the simulation) and 5-95% uncertainty levels. Signals that are detected 
at the 5% significance level (one-sided) are shown in bold, an arrow “i” (“T”) denotes that the signal amplitude is significantly smaller 
(larger) than simulated. BOl refers to the Brijfa et al [2001] record, CLH to the updated Crowley and Lowery [2000] record, M99 to the 
Mann et al. [1999] data and E02 to the Esper et al [2002] record, the period of the analysis is given in the second row. The bottom row 
lists the standard deviation (AT) of the (decadally smoothed for annual records) residual, and the percent variance explained by the external 
forcing (in parentheses). 


Record 

Period 

BOl 

1400-1940 

CLH 

400-1960 

M99 

1400-1960 

E02 

1400-1960 

CLH 

volcano 

solar 

ghg + aer 
res std. 

0.92 ± 0.21 
-0.1 ±0.83 1 

1.11 ± 0.55 

0.09 (57%) 

1.22 ± 0.39 

0,18 ±0.48 1 

1.13 ± 0.26 

0.08 (77%) 

0.63 ± 0.23 1 

0.43 ± 0.61 

0.26 ± 0.35 i 

0.07 (49%) 

1.01 ± 0.34 

-0.18±0.96i 

1.88 ± 0.57 t 

0.13 167%) 

1.14 ± 0.40 

0.63 ± 0.67 
0.96 ± 0.42 
0.10157%) 
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Figure 3. Comparison of the average response to volcanic 
eruptions in the energy balance model and the Briffa et al. 
[2001] reconstruction from the year of the eruption (year 1) 
to the next major eruption. 5-95% uncertainty ranges for 
the observed response are given by the dotted lines (note 
that sample size decreases with time). 

detectable in segments of M99 and in CLH 1100-1960. It is 
possible that annual averaging and the wintertime dynam- 
ical response [Shindell et al, 2001] helps in the detection of 
the solar signal, particularly in M99. 

[16] The EBM response tends to associate inter-decadal 
temperature variations with periods of unusually heavy or 
weak volcanism. A similar tendency occurs in coupled 
climate models, [e.g., Stott et al, 2000]. In order to assess 
if such a simulated response is realistic, we have conducted a 
superposed epoch analysis by averaging the temperature 
response after 50 major volcanic eruptions between 1400 
and 1940 (Figure 3). The average considers only the response 
before the next major emption. To avoid contamination by 
other external forcing, the estimated solar and greenhouse gas 
signal has been subtracted from the observations prior to the 
analysis (result not sensitive to taking solar forcing into 
account). The observations show a significant cooling in 
the first three years of the eruption, which compares very 
favorably to the magnitude and duration of the simulated 
response. Afterwards, a marginally significant temperature 
increase reflects the relaxation to an equilibrium climate state 
without volcanic forcing in model and data. The results of this 
analysis are qualitatively confirmed if the Briffa et al [1998] 
data or the M99 record is used. 

6. Conclusions 

[ 17 ] The response to volcanic forcing is reliably detected 
in all reconstructions of Northern Hemispheric mean tem- 
perature considered, and the simulated timescale of temper- 
ature response to volcanic eruptions compares very 
favorably with observations. Although most records can 
be only used to the middle of the 20th century, the temper- 
ature response to CO 2 can be detected by then in most 
records (in all by 1980). The response to solar forcing is 
detected only over some periods in some records. The 
overall impression is that solar variability plays a relatively 


modest role in multi-decadal climate variability of hemi- 
spherically averaged temperature. The early 20th centuiy 
warming is attributed to a composite of greenhouse warm- 
ing, an uncertain contribution from solar forcing, and a 
recovery from a previous period of heavy volcanism. 
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QUESTIONS SURROUNDING THE 
^HOCKEY STICK’ TEMPERATURE 
STUDIES: IMPLICATIONS FOR CLIMATE 
CHANGE ASSESSMENTS 


THURSDAY, JULY 27, 2006 

House of Representatives, 

Committee on Energy and Commerce, 
Subcommittee on Oversight and Investigations, 

Washington, DC. 


The subcommittee met, pursuant to call, at 2:00 p.m., in Room 2322 
of the Rayburn House Office Building, Hon. Ed Whitfield (Chairman) 
presiding. 

Members present: Representatives Stearns, Pickering, Bass, 
Blackburn, Barton (ex officio), Stupak, Schakowsky, Inslee, Baldwin, 
Waxman, and Whitfield. 

Staff present: Mark Paoletta, Chief Counsel for Oversight and 
Investigations; Peter Spencer, Professional Staff Member; Tom Feddo, 
Counsel; Matt Johnson, Legislative Clerk; John Halliwell, Policy 
Coordinator; Clayton Matheson, Analyst; Mike Abraham, Legislative 
Clerk; Edith Holleman, Minority Counsel; David Vogel, Minority 
Research Assistant; Chris Knauer, Minority Investigator; and Lorie 
Schmidt, Minority Counsel. 

Mr. Whitfield. This hearing will come to order, and I want to 
certainly welcome everyone to today’s hearing. This is the second day 
of our hearing regarding questions about what we popularly call the 
hockey stick temperature studies and the implications for climate change 
assessments. We have reconvened this hearing to accommodate a key 
person in the matters before us, and that is Dr. Michael Mann of Penn 
State University. Dr. Mann was unable to attend the session on the 
subject last week, and we are looking forward to his testimony. 

As you know, he was one of the leaders in the methodology of 
developing the methodology that developed the hockey stick graph, and 
we hope we can continue to explore some of the broader questions 
surrounding temperature reconstruction findings, their use in the IPCC 
assessment, and other issues that prompted our inquiry into this matter 
last year. Now the hockey stick graphic and the underlying studies were 
influential in a prominent set of findings by the IPCC, and really the 
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hockey stick graphic has become an icon for all those concerned about 
global warming. 

In point of fact, from the very first set of findings on the very first 
page of discussion in its 2001 summary for policy makers the IPCC 
states that 20^^ Century temperature increases were likely the largest in 
1000 years, and it was likely that in the Northern Hemisphere the 1990s 
was the warmest decade and 1998 the warmest year, a phrase that is 
almost verbatim what Dr. Mann and his colleagues wrote in their 1999 
paper. Next to these findings the IPCC summary then displays Dr. Mann 
and his colleagues’ hockey stick shaped temperature graph which helped 
this work prominently and moved it into the public eye. 

Now let me just take a moment and make a few observations about 
last week’s hearing. First, through our discussion of both the National 
Research Council report and the Wegman report the original studies by 
Mann and his co-authors appeared to be flawed, and cannot support the 
related findings of the 2001 IPCC assessment. Dr. Wegman’ s 
independent committee found and reported that Dr. Mann and his co- 
authors incorrectly applied a statistical methodology that would 
preferentially create hockey stick shapes. 

Dr. Wegman also found that more recent methodologies used in 
temperature reconstruction studies may also generate problematic biases 
when determining temperature histories. Now the National Research 
Council based on the Mann analysis and newer supporting evidence finds 
that it is plausible that the Northern Hemisphere was warmer during the 
last few decades of the 20^^ Century than during any period comparable 
in the preceding millennium. Even less confidence, and I am quoting 
from their report, even less confidence can be placed in the original 
conclusion by Mann that the 1990s are likely the warmest decade, and 
1998 the warmest year. 

The NRC’s panel review determined that Dr. Mann made in the 
words of the NRC witnesses inappropriate choices and that the panel had 
much the same misgivings about Dr. Mann’s work. That was 
documented at much greater length by Dr. Wegman. Moreover, both the 
NRC and Wegman reports essentially corroborated the main criticisms 
raised by the McIntyre-McKitrick studies about Dr. Mann’s initial 
hockey stick studies. Now while much attention was given to Dr. 
Wegman’ s social network analysis, I think it is only fair to observe the 
limits of what he was trying to illustrate as he himself explained. 

Dr. Wegman was not seeking to impugn the integrity of any of the 
scientists who work in the area, but it is clear that peer review somehow 
failed to pick up the flaws in the hockey stick studies. Dr. Wegman 
simply raises the possibilities that given the evident publishing 
relationship among the authors of many of the relevant works combined 
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with the failure to involve statisticians that Dr. Manns’ peers may have 
been too close to the topic to scrutinize the studies as rigorously as they 
might have. 

Whatever the case, Dr. Manns’ peers failed to catch the errors that 
Wegman, the NRC and McIntyre identified. Now this failure as Dr. von 
Storch suggested last week may be less an issue with the community of 
paleoclimatologists than with the journal editors themselves. Now 
finally I think it is important to note that virtually everyone at the hearing 
last week, both members and witnesses, took the view that criticisms of 
the hockey stick studies or of the peer review and assessment process 
should not be considered as a judgment about the changes in global 
temperature, but rather the issues at hand concern legitimate questions 
about the rigor of scientific analysis, the results of which ultimately reach 
policy makers and that is what we base our decision-making decisions 
on. 

So the hockey stick story provides a clear case study into what may 
be the lack of proper scrutiny, and the questions last week about the 
independence of peer review or the gate keeping issues in my mind are 
legitimate. And I think that everyone would agree that we must be very 
careful and make sure that when we do these analyses and they receive 
the publicity that they do that they be scientifically based and as close to 
accurate as possible. 

Now in addition to Dr. Mann, both Dr. Wegman and Dr. McIntyre 
are returning to recap their testimony and to answer any questions related 
to their work, and certainly Dr. Mann may want to raise some issues 
regarding what you all said. We have a few additional panelists as well. 
As we were preparing this panel, some have been suggested by the 
minority side, and I am not sure which ones, but I want to welcome Dr. 
John Christy, the Director of the Earth System Science Center, and an 
Alabama State climatologist at the University of Alabama, Huntsville, 
and Dr. Gulledge of the Pew Center for Climate Change. And then 
finally I would like to recognize Dr. Ralph Cicerone, who is the 
President of the National Academy of Sciences, and happened to be in 
the same fraternity that I was, so. Dr. Cicerone, welcome. 

And he has been instrumental in the National Academy’s focus on 
climate change research in recent years. Indeed, he chaired the National 
Research Council’s 2001 report for President Bush that helped pave the 
way for the United States to conduct its own climate change assessment. 
I want to welcome all of you. Thank you for your time. We look 
forward to your testimony. And I yield and recognize the distinguished 
ranking member, Mr. Stupak. 

[The prepared statement of Hon. Ed Whitfield follows:] 
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Prepared Statement of the Hon. Ed Whitfield, Chairman, Subcommittee on 
Oversight and Investigations 

Good afternoon and welcome to a second day of our hearing regarding questions 
about what we popularly call the “hockey stick” temperature studies and the implications 
for climate change assessments. 

We’ve reconvened this hearing to accommodate a key person in the matters before 
us. Dr. Michael Mann, of Penn State University. Dr. Mann was unable to attend the 
informative session on this subject last week. Although Dr. Thomas Crowley - Dr. 
Mann’s personally recommended replacement - did testify, we are providing Dr. Mann 
the opportunity to discuss his work and respond to some of the views expressed about his 
work. 

Welcome Dr. Mann, I’m looking forward to your testimony and participation. I 
hope we can continue to explore some of the broader questions surrounding temperature 
reconstruction findings, their use in the IPCC assessment, and other issues that prompted 
our inquiry into this matter last year. 

The hockey stick graphic and the underlying studies were influential in a prominent 
set of findings by the IPCC. In point of fact, from the very first set of findings on the 
very first page of discussion in its 2001 Summary for Policymakers, the IPCC states that 
20^^ Century temperature increases were likely the largest in 1,000 years and it was 
[quote] “likely that, in the Northern Hemisphere, the 1990s was the warmest decade and 
1998 the warmest year,” a phrase that is almost verbatim what Dr. Mann and his 
colleagues wrote in their 1999 paper. Next to these findings, the IPCC Summary then 
displays Dr. Mann and his colleagues’ hockey stick-shaped temperature graph, which 
helped this work prominently into the public eye. 

Let me take a moment and make few observations about last week’s hearing. 

First, through our discussion of both the National Research Council report and the 
Wegman report, we established that the original studies by Mann and his coauthors were 
flawed, and could not support the related findings of the 2001 IPCC assessment. Dr. 
Wegman’ s independent committee found and reported that Dr. Mann and his coauthors 
incorrectly applied a statistical methodology that would preferentially create hockey stick 
shapes. Dr. Wegman also found that more recent methodologies used in temperature 
reconstruction studies may also generate problematic biases when determining 
temperature histories. 

The National Research Council, upon its review of the current state of science on 
this subject, likewise found that the hockey stick studies could not support the 2001 IPCC 
finding drawn from them. The NRC panel’s review determined that Dr. Mann made, in 
the words of the NRC witnesses, “inappropriate” choices, and that the panel had “much 
the same misgivings about [Dr. Mann’s] work that was documented at much greater 
length by Dr. Wegman.” 

Moreover, both the NRC and Wegman reports essentially corroborated the main 
criticisms raised by the McIntyre-McKitrick studies about Dr. Mann’s initial hockey stick 
studies. 

While much attention was given to Dr. Wegman’ s social network analysis, I think it 
is only fair to observe the limits of what he was trying to illustrate, as he himself tried to 
explain. 

Dr. Wegman was not seeking to impugn the integrity of any of the scientists who 
work in this area, but it is clear that peer review somehow failed to pick up the flaws in 
the hockey stick studies. Dr. Wegman simply raises the possibility that, given the evident 
publishing relationship among the authors of many of the relevant works, combined with 
the failure to involve statisticians. Dr. Mann’s peers may have been too close to the topic 
to scrutinize the studies as rigorously as they might have. Whatever the case. Dr. Mann’s 
peers failed to catch the errors Wegman, the NRC, and McIntyre identified. 
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This failure, as Dr. von Storch suggested last week, may be less an issue with the 
eommunity of paleoelimatologists, than with the journal editors themselves. The 
Committee ean remain eautious about Dr. Wegman’s soeial network analysis, as he is, 
and still legitimately raise the broader question about the rigor of review and breadth of 
reviewers in this field. 

Finally, I think it is important to note that virtually everyone at the hearing last week 
- both members and witnesses - took the view that eritieisms of the hoekey stiek studies 
or of the peer-review and assessment proeess should not be eonstrued as a judgment 
about the ehanges in global temperatures. 

Rather, the issues at hand eoneem legitimate questions about the rigor of seientifie 
analysis, the results of whieh ultimately reaeh poliey makers. The hoekey stiek story 
provides a elear ease study into the laek of proper serutiny, and the questions last week 
about the independenee of peer-review, or the “gate keeping” issues, were entirely 
legitimate. I hope that as we proeeed today, we keep this in mind. And I hope that we 
ean all reaeh agreement on ways to improve the proeess. 

Let me note that we have, in addition to Dr. Mann, both Dr. Wegman and Mr. 
Meintyre returning to reeap their testimony and to answer questions related to their work, 
if neeessary. Both of them graeiously agreed to adjust their busy sehedules, ineluding 
family and work obligations, to return today at our request so that Dr. Mann eould 
eonfront his erities. Thank you very mueh for eoming baek. 

We have a few additional panelists as well. As we were preparing this panel, our 
minority eounterparts requested an additional witness. In the event, we aeeommodated 
their requests so that we eould have as informative and balaneed a panel as possible. 

So let me weleome Dr. John Christy, the Direetor of the Earth System Seienee 
Center and Alabama State Climatologist at the University of Alabama, Huntsville and Dr. 
Jay Gulledge, of the Pew Center for Climate Change. 

Finally, Fd like to reeognize a most-distinguished witness. Dr. Ralph Cieerone 
[sisserone]. President of the National Aeademy of Seienees. Dr. Cieerone has been 
instrumental in the National Aeademies’ foeus on elimate ehange researeh in reeent 
years. Indeed, he ehaired the National Researeh CouneiTs 2001 report for President Bush 
that helped pave the way for the United States to eonduet its own elimate ehange 
assessments. 

Weleome Dr. Cieerone, and weleome all the witnesses, I look forward to another 
informative panel. 

I now yield to my distinguished Ranking Member, Mr. Stupak. 

Mr. Stupak. Thank you, Mr. Chairman. Today we are holding a 
very strange hearing. Originally scheduled to give Dr. Michael Mann a 
chance to respond to critics who provided testimony to this committee 
last week, this hearing has now expanded to allow these critics to attack 
the very science of global warming. Witnesses reappearing in the 
committee today, once commissioned by the Majority to do a very 
limited and biased review, had attempted to discredit Dr. Mann’s 8-year 
old study on reconstruction of surface temperatures over the last 
thousand years, and his conclusion that the earth is warming at an 
unprecedented rate. 

However, as Dr. North testified last week, a comprehensive review 
of temperature reconstruction research by the National Academy of 
Science at the request of the Science Committee found that there were 
numerous other studies concluding that the Earth is warming at an 
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unprecedented rate. Now instead of allowing Dr. Mann to respond to last 
week’s allegations, two of our witnesses, apparently unhappy with the 
outcome of last week’s hearing have decided to rewrite and expand their 
testimony to raise new issues, new complaints, and new questions. 

This re-written testimony is no longer limited to Dr. Mann’s 
statistical methods and their own work, but also includes areas of 
climatology totally outside their expertise. As a result, it appears that 
these critics have lost interest in simply attacking Dr. Mann’s work. 
Now the purpose of today’s hearing is to cast doubt on all scientific 
evidence of global warming. Mr. Chairman, if we are going to discuss 
the larger issue of global warming, which many of us on this side would 
be happy to do, we need to put more time and effort into putting together 
a series of well thought out hearings with adequate time for witnesses 
and staff to prepare. 

If the Majority were truly interested only in temperature 
reconstruction over the past thousand years we could have heard from all 
of the scientists who have worked on this topic both before and after Dr. 
Mann’s original 1998 and 1999 publications. Instead, the Majority asked 
Dr. Wegman, a statistician with no expertise in paleoclimatology, to 
verify only Mr. McIntyre’s critique of Dr. Mann’s initial work. Dr. 
Wegman was not even asked if Dr. Mann’s conclusions would change if 
the criticisms were incorporated and the analysis were re-created, nor did 
he volunteer to do that. 

Other climatologists have recreated Dr. Mann’s work and have come 
to the same conclusions using both similar and different data sets and 
methodologies. Dr. Wegman, who has not reviewed this work and did 
not discuss any of the studies in his testimony last week, will try to 
discredit all of these studies with an unsupported hypothesis questioning 
the independence of a large group of scientists work. 

Another witness we will hear from today. Dr. Christy, has supported 
the science behind global warming but will argue that by acting to curb 
global warming we may deny the poor in other countries the advantages 
that we have here in America. This is also the argument of a new group, 
the Interfaith Stewardship Alliance, but we have not heard from the 
alliance when trying to provide low-income emergency assistance for 
people in my district. 

However, the threat of rising temperatures and the negative results of 
them, including diminished agricultural production, and quite possibly 
the flooding of vast heavily populated coastal areas due to the melting of 
the polar ice caps, can be far more of a threat to developing countries 
than efforts to limit harmful industrial emissions. The National Climatic 
Data Center has recently confirmed that the first half of 2006 was the 
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warmest first half of any year in the United States since 1895. This 
warming trend is continuing. 

Today’s headline in the Washington Post, I should say Tuesday’s 
headline in the Washington Post, “Deadly Heat Continues in California.” 
The morgue in Fresno, California has many bodies of elderly people 
overcome by heat. Unprecedented temperatures have been recorded 
recently in Oregon and South Dakota, among other places. Forty-five 
percent of the United States is in moderate to extreme drought 
conditions. These conditions have spawned more than 50,000 wildfires 
burning approximately 4 million acres. 

Congress is not particularly capable to judge science that deals with 
linear regressions, Pearson’s R square, centering and de-centering, or 
regulized expectation maximization. As Dr. Cicerone will remind us, 
that is why Congress created the National Academy of Science. We are, 
however, able to understand the strategy of Exxon Mobil, outlined in 
their 1998 action plan. This plan argued, and I quote, “victory will be 
achieved when average citizens understand, recognize uncertainties in 
climate science.” This appears to be the focus of today’s hearing, to 
confuse and complicate the findings of climate scientists, and Dr. Mann 
is unfortunately in the crosshairs. I yield back the balance of my time. 

[Additional information submitted for the record follows:] 
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An Open Letter to the Signers of 
“Climate Change: An Evangelical Call to Action” 
and Others Concerned About Global Warming 

“They only asked us to remember the poor-the very thing I was eager to do. ” 

-The Apostle Paul, Galatians 2:10 

Widespread media reports tell of a scientific consensus that: 

• the world is presently experiencing unprecedented global warming; 

• the main cause of it is rising atmospheric cM'bon dioxide because of human use of fossil fuels for energy; and 

• the consequences of continuing this pattern will include (1) rising sea levels that could inundate highly 
populated and often poor low-lying lands, (2) more frequent deadly heat waves, droughts, and other extreme 
weather events, (3) increased tropical diseases in warming temperate regions, and (4) more frequent and 
intense hurricanes. 

Recently eighty-six evangelical pastors, college presidents, mission heads, and other leaders signed “Climate 
Change: An Evangelical Call to Action,” under the auspices of the Evangelical Climate Initiative. The document 
calls on the federal government to pass national legislation requiring sufficient reductions in carbon dioxide 
emissions to fight global warming and argues that these are necessary to protect the poor from its harmful 
effects. 

In light of all this, many people are puzzled by the Interfaith Stewardship Alliance’s opposition to such calls. Do 
we not care about the prospect of catastrophic global warming? Do we not care that with rising temperatures the 
polar ice caps will melt, and the sea will inundate low island countries and coastal regions? Do we not care that 
the world’s poor might be most hurt by these things? 

Yes, we care. But we also believe, with economist Walter Williams, that “truly compassionate policy requires 
dispassionate analysis.” That is the very motive for our opposing drastic steps to prevent global warming. In 
short, we have the same motive proclaimed by the Evangelical Climate Initiative in its “Call to Action.” 

But motive and reason are not the same thing. It matters little how well we mean, if what we do actually harms 
those we intend to help. 

That is why we take the positions we do. In the accompanying document, “A Cal! to Truth, Prudence, and 
Protection of the Poor: An Evangelical Response to Global Warming,” we present extensive evidence and 
argument against the extent, the significance, and perhaps the existence of the much-touted scientific consensus 
on catastrophic human-induced global warming. Further, good science— like truth— is not about counting votes but 
about empirical evidence and valid arguments. Therefore we also present data, arguments, and sources favoring a 
different perspective: 
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• Foreseeable global warming will have moderate and mixed (not only harmfiil but also helpful), not 
catastrophic, consequences for humanity-including the poor-and the rest of the world’s inhabitants. 

• Natural causes may account for a large part, perhaps the majority, of the global warming in both the last 
thirty and the last one hundred fifty years, which together constitute an episode in the natural rising and 
falling cycles of global average temperature. Human emissions of carbon dioxide and other greenhouse gases 
are probably a minor and possibly an insignificant contributor to its causes. 

• Reducing carbon dioxide emissions would have at most an insignificant impact on the quantity and duration 
of global warming and would not significantly reduce alleged harmful effects. 

• Government-mandated carbon dioxide emissions reductions not only would not significantly curtail global 
warming or reduce its harmful effects but also would cause greater harm than good to humanity-especially 
the poor-while offering virtually no benefit to the rest of the world’s inhabitants. 

• In light of all the above, the most prudent response is not to try (almost certainly unsuccessfully and at 
enormous cost) to prevent or reduce whatever slight warming might really occur. It is instead to prepare to 
adapt by fostering means that will effectively protect humanity-especially the poor-not only from whatever 
harms might be anticipated from global warming but also from harms that might be fostered by other types of 
catastrophes, natural or manmade. 

We believe the harm caused by mandated reductions in energy consumption in the quixotic quest to reduce 
global warming will far exceed its benefits. Reducing energy consumption will require significantly increasing the 
costs of energy-whether through taxation or by restricting supplies. Because energy is a vital component in 
producing all goods and services people need, raising its costs means raising other prices, too. For wealthy 
people, this might require some adjustments in consumption patterns-inconvenient and disappointing, perhaps, 
but not devastating. But for the world’s two billion or more poor people, who can barely afford sufficient food, 
clothing, and shelter to sustain life, and who are without electricity and the refrigeration, cooking, light, heat, and 
air conditioning it can provide, it can mean the difference between life and death. 

Along with all the benefits we derive from economic use of energy, another consideration-a Bfolical/theological 
one-points in the same direction. The stewardship God gave to human beings over the earth-to cultivate and 
guard the garden (Genesis 2: 15) and to fill, subdue, and rule the whole earth (Genesis l:28)-strongly suggests 
that caring for human needs is compatible with caring for the earth. As theologian Wayne Grudem put it, “It does 
not seem likely to me that God would set up the world to work in such a way that human beings would 
eventually destroy the earth by doing such ordinary and morally good and necessary things as breathing, building 
a fire to cook or keep warm, burning fuel to travel, or using energy for a refrigerator to preserve food.” 

Whether or not global warming is largely natural, (1) human efforts to stop it are largely futile; (2) whatever 
efforts we undertake to stem our small contributions to it would needlessly divert resources from much more 
beneficial uses; and (3) adaptation strategies for whatever slight warming does occur are much more sensible 
than costly but futile prevention strategies. Therefore, we believe it is far wiser to promote econ omic growth, 
partly through keeping energy inexpensive, than to fight against potential global warming and thus slow 
economic growth. And there is a side benefit, too: wealthier societies are better able and more willing to spend to 
protect and improve the natural environment than poorer societies. Our policy, therefore, is better not only for 
humanity but also for the rest of the planet. 

We recognize that reasonable people can disagree with our understanding of the science and economics. But this 
is indeed our understanding. 
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Please join us in endorsing “A Call to Truth, Prudence, and Protection of the Poor: An Evangelical 
Response to Global Warming.” To do so, send an e-mail with your name, degree(s) (with subject, level, and 
granting institution), professional title, professional affiliation (for identification purposes only), mailing address, 
e-mail address, and (for verification) phone number to isa@.interfaithstewardshiD.org . If you have questions, 
please e-mail the same address. 


Endorsers of 

“A Call to Truth, Prudence, and Protection of the Poor: 

An Evangelical Response to Global Warming” 

(Updated July 21, 2006) 

(Organizational affiliations are for identification purposes only and do not imply organizational endorsement.) 


Adel Abadeer, Ph.D., Associate Professor of 
Economics, Calvin College, Grand Rapids, MI 

Randy Alcorn, D.D., Director, Eternal Perspective 
Ministries 

Gregg R. Allison, Ph.D., Associate Professor of 
Christian Theology, The Southern Baptist Theological 
Seminary 

Paul N. Anderson, Ph.D., Professor of Biblical and 
Quaker Studies, Director of the George Fox 
University Congregational Discernment Project, 
George Fox University, Newberg, OR 

William L. Anderson, Ph.D,, Assistant Professor of 
Economics, Frostburg State University, Frostburg, 

MD 

Rev. Bruce R. Backensto, Ph.D. (Cand.)., Co-Pastor, 
Geneva Reformed Presbyterian Church, Beaver Falls, 
PA 

Ted Baehr, President, Christian Film and Television 
Commission, Camarillo, CA 

Howard A. Ball, Director of ChurchLIFE, a ministry 
of Campus Cmsade for Christ, Orlando, FL 

Doug Bandow, Vice President of Policy, Citizen 
Outreach, Springfield, VA 

Michael Bauman, Professor of Theology and Culture, 
Director of Christian Studies, Hillsdale College, 
HiUsdale, MI 


E. Calvin Beisner, Ph,D., Associate Professor of 
Historical Theology and Social Ethics, Knox 
Theological Seminary, Ft. Lauderdale, FL 

Peggy S. Birchfield, Executive Director, Religious 
Freedom Action Coalition, Washington, D.C. 

Paul C. Boling, Ph.D., Professor of Philosophy and 
Christian Thought, Chairman of Christian Studies 
Division, Bryan College, Dayton, TN 

* Bishop Wellington Boone, Founder and Chief 
Overseer, Fellowship of International Churches, 
Atlanta, Georgia 

Rev. James A. Borland, Ph.D., Professor of New 
Testament and Theology, Liberty University, 
Lynchburg, VA 

Mark Brandly, Ph.D., Associate Professor of 
Economics, Ferris State University, Big Rapids, MI 

D. A. Carson, Ph.D., Research Professor of New 
Testament, Trinity Evangelical Divinity School, 
Deerfield, IL 

Gary Cass, D.Min., Executive Director, Center for 
Reclaiming America for Christ, Ft. Lauderdale, FL 

Chemistry and Environmental Science, Hardin 
Simmons University, Abilene, TX 


’Former signer of the Evangelical Climate Initiative. 
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Richard C. Chewning, Ph.D., Emeritus Professor of 
Christian Ethics, Baylor University, Waco, TX, and 
Distinguished Scholar in Residence, John Brown 
University, Siloam Springs, AR 

Kenneth W. Chilton, Ph.D., Director, Institute for the 
Study of Economics and the Environment, 
Lindenwood University, St, Charles, MO 

Michael Cromartie, Vice President, Ethics and Public 
Policy Center, Washington, D.C. 

L. Anthony Curto, D.Min., Associate Professor of 
Practical Theology, Greenville Presbyterian 
Theological Seminary, Taylors, SC 

Dr. Robert A. Demick, Deacon, First Presbyterian 
Church (PCA), Coral Springs/Margate, Coral Springs, 
FL 

Charles A. Donovan, Executive Vice President, 

Family Research Council, Washington, D.C. 

Brian Douglas, M.Div., Deacon, Covenant 
Presbyterian Church, Wilton Manors, FL 

Rev. Charles H. Dunahoo, D.Min., Coordinator, 
Christian Education and Publications Committee of 
the Presbyterian Church in America, Lawrenceville, 
GA 

Art Eberle, President, Compliance Assurance 
Associates, Inc. (industrial pollution control 
consulting engineer), Bartlett, TN 

Reginald E. Ecarma, Ph.D., Associate Professor, Mass 
Communication and Political Science, North 
Greenville University, Greenville, SC 

John Eidsmoe, Lt. Colonel, USAFR (Ret.), Professor 
of Law Emeritus, Thomas Goode Jones School of 
Law, Montgomery, AL; Senior Staff Attorney, 
Alabama Supreme Court 

William B. Evans, Ph.D., Younts Professor of Bible 
and Religion, Erskine College, Due West, SC 

Neil L. Frank, Ph.D. (Meteorology), former Director, 
National Hurricane Center; chief meteorologist, 
KHOU-TV, Houston, TX (CBS alTiliate) 

Rev. Warren A. Gage, Ph.D., Associate Professor of 
Old Testament, Knox Theological Seminaiy, Ft. 
Lauderdale, FL 


Victor Goldschmidt, Ph.D., Emeritus Professor of 
Mechanical Engineering, Purdue, University, West 
Lafayette, IN 

Rev. Alan Gomes, Ph.D., Professor and Chair, 
Department of Theology, Talbot School of Theology 
(Biola University), La Mirada, CA 

Guillermo Gonzalez, Ph.D., Department of Physics 
and Astronomy, Iowa State University, Ames, lA 

Rev. George Grant, Ph.D., Pastor, Christ Community 
Church; Founder, King’s Meadow Study Center; 
President, Franklin Classical School, Nashville, TN 

Gary O. Gray, Ph.D., Professor of Chemistry, Dean of 
the College of Science and Mathematics, Director of 
the Darrell R. Strait Center for the Integration of 
Science and Christian Faith, Southwest Baptist 
University, Bolivar, MO 

Rev. Wayne Grudem, Ph.D., Research Professor of 
Bible and Theology, Phoenix Seminary, Phoenix, AZ 

Rev. David Hall, Ph.D., Senior Pastor, Midway 
Presbyterian Church, Powder Springs, GA 

Rev. Steve Hartland, Pastor, Trinity Reformed Baptist 
Church, Joppa, MD 

Rev. Stephen Henderson, Th.M., Pastor, Munich 
International Community Church, Munich, Germany 

The Honorable Donald Paul Hodel, J. D., currently 
member of the Board of Trustees of the North 
American Electric Reliability Council; formerly: U. S. 
Secretary of Energy, U. S. Secretary of the Interior, 
Under Secretary of the Interior, Administrator and 
Deputy Administrator of the Bonneville Power 
Administration, member of the Board of Directors of 
the Electric Power Research Institute (EPRI), member 
of the Advisory Board of EPRI, President of Christian 
Coalition, President of Focus on the Family 
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Deadly Heat Contiiiues in Calif. 

S/^/it Cooling Trend This Week May Ease Blackout Concerns 

Blaine Haeden ' ■£ 


TToshin^ton Post Su^WrUer 

The SOperson refrigerator at 
the inorgiie in Firesno is faS, {Hi- 
marilT^ the bocties ^ doe^ 

peopte adio are beiiemi to be vie* 
thus of a sustained blast of trqde> 
digtt ' faed tfaa^ tonnented 
most of California in the past two 
weds. 

T have never seeirthese kinds 
of numbers,” snd Loralee Ceivan- 
tes, the coroner m ikesno^ where 
she said the tenq)eratiire outside 
her office yesterday was 110. 
"There are so many we can't keep 
up.' 

CaiffiiHina edg^ awi^ horn 
mandatory decbicity blackoats 
yestmdayas afidd^ooolerair— 
abhoiidi dffi m ffie 100s — 
b^am lo filter across much of the 
state;' 

A day dter the natfon’s most 
p<H>d()us state shattered its reo 
Old lor electiicity a 
power managers said douds aid 
lower texiqieratures m coQ^ 
diys would teflsen the 
ofroSiaigbladGOtits; 

point, if everything re- 
mains dcay, then we are all ij^t 
throu^ ^ day," said Kris^ 
Odbinne, apdemwoman for ttie 
ChSfornia hidqileodeiit ^pstem 
C^ierator, winch manages the 
state power grid: "It is supposed 
to cod as we go throui^ the 
wedL^--; 

A power emerge^ on Monday 
required some busiiiesses to cur- 
tail power use in exclumge for 
fowerdedrk^ rates. has «ui- 
ed although residents were being 
wariied to coitserve power and 
Mt the use of large aq^dianoes 
during daythne hours; 

Most of the heat-rehtted deaths 
occorted in the sweltering Cen- 
tral Vafiey. fo Resno, in the north 
of the va^, the coremer said 
many victhns collapsed inside 
their homes and were found some- 
where other than in their beds. 

"Some peo(de had power 
outages, some can't afiord to pay 
their biUs, some were using fans, 
and we W one ctae wbme a man 
was scared of the sound of his air 
conditioner,” Cervantes said. She 
said most of the dead were 65 to 
BOyearsold 

Wth the heat wave, residents 
across Southern CaHforhia have 
put up with multiple, widely scat- 
tered power outa^ a^hnndieds 







Tlwtos An gai ath o w eafHcisnHippaahyW^deaaii^ 
c p n dMs i iin fc ao rt a f e n g ta iafiefata n a aribyi a i gi rci silt te: "^^^^^^^^^^ 


of opvertaxed ppwer-pole trattS' 
foroKfs have bfovm tq> 0 ^ 
wise stt^qied fonctioning. More 
than 50,(^ hontes and business- 
es werevri&dmpdweryesterd^. 

Thea^ngeiectridty^ratismis- 
skm grid m and around l^is Aaige- 
les — some of it built in the lS20s 
and l^Os — could not handle the 
^ikingpower dmiMiiBisthatcattne 
v^peraistemh^ temperature 
--^cmtcip ofabcMmmgpopuktira 
andhoo^fonof arrconctitWers 
and conqMders, according to re- 
gfonal utilities. 

'IhmsforETier foihire was driv- 
en by the prdooged i»at wavi^ 
udiich sinoe July 13 has meant 
that they canriot cool down at 
ni^* said Ron litzinger, senior 
vice prerident for transimssion 
and disiffoutiem atSouthem CaH- 
foniia Edison. 

He smd that m rece^ years 
poww cbirsiimption per customer 
in the region has been double 
what the utility^ had eqrected, 
mostly because of air condition- 
ers, computers and assorted home 
dectroidcs,^ ^^^^^^ ^ ^ ^ ^ ^ ^ ^ ^ 

The heat wave comes at a time 
vriien ambient year-round tenqier- 
atures in Southern CaHfomia are 


ontheifoe. 

lit the pa^ oentnty, average 
temp^tures in the have 
rfoen about tilled d^era during 
the d^ytmoe and a vriMd:^ag sev^ 
en de^ees at nii^ accord^ to 

Bffi ratzert 

Jet l¥op«dsionl.abcffatoiy^^fol^ 
adena. 

Houses, foBew^,.geff courses 
imdalfof^^cenim itetamh^ 
for foQger than ffie native desert 
cbapiffial of Soutikitirdrtforma. 

"i^haveliadaitesttfeniemjilas 
over m tite past ceiittiiyi the 

p(^[KiIatimi between T^imia and 
Santa Barbara jumping foom 1 
iniffion fo tnore ttian SX) luQfion,* 
Ihtaerts^ 

often tboui^t of as a foiictfon of v. 
gteenfaewse gases in the afmos- ^ 
phere, is also stroi^ oorrdated 
witti urhmi and sifoathan devel- 
opment. Hatzert said. He said 
most chim in the world, in- 
dttding ^Whsluttgton. are getting 
warmer as t^ ^nawL 

"The longtaim trend here — 
we w getti^ warmer," he said. 

"It is a inewew of coming attrac- 
tions, if we don’t change our be- 
havior.” 


Mr. Whitfield. The chair recognizes the chairman of the Energy 
and Commerce Committee, Mr. Barton of Texas. 
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Chairman Barton. Thank you, Mr. Chairman, and thank you for 
this hearing. I want to thank our witnesses for being here, some of them 
for the second time. We are obviously glad to have Dr. Mann here. We 
appreciate you being able to join us. It is clear from last week’s hearing 
on global climate temperature studies that we face issues involving more 
than the particulars of Dr. Mann’s specific hockey stick study. However, 
it is the particulars of these studies and how the existing climate 
assessment process has dealt with them that got us here today. 

I appreciate the participation of this panel. I am glad that Dr. Ralph 
Cicerone is here. He is the President of the National Academy of 
Sciences. I think he is going to add significant weight and gravitus to the 
hearing today. As you noted in your statement. Chairman Whitfield, last 
week’s hearing demonstrated why we as policymakers need to 
understand the quality and the reliability of the science on which we are 
urged to base public policy that is both sweeping and costly. Some very 
respected and authoritative sources testified last week that Dr. Mann’s 
studies were flawed. They couldn’t support the findings for which they 
were used in the United Nations Climate Change Assessment, the IPCC. 
Today I hope that we are going to examine some of these issues in more 
detail. 

I recognize that additional work has been published that supports the 
broad outline of some of those conclusions in Dr. Mann’s initial hockey 
stick study, but according to the National Research Council even that 
subsequent work cannot provide the level of confidence that IPCC placed 
upon the original hockey stick analysis. Nothing about the process of 
turning observations into accepted theory is smooth. It has been said that 
the politics of small towns and big universities are brutal. They make us 
look amateurs by comparison. Looking at what is happening in this 
issue, I think that might well be true. Unfortunately, that is the way this 
science progresses. 

I not only accept it, bumps included, but, believe it or not, I support 
it. What I can’t accept is the improbable notion that this committee may 
not ask science or research-related questions that bear on policy making 
when the answers could improve the information we use to reach the 
policy decisions that we are elected to make. It is just wrong to say that 
questions are not permitted, free debate is improper or that anyone who 
wonders if the scientific establishment really has it right should be 
dismissed as anti-science or oblivious to the real risk of man-made 
climate change. 

This committee holds a very key role in any policy-making decision 
related to climate change. As its Chairman, I have an obligation to be 
cognizant of that and to do everything possible to get a fair record but 
also get into the details of some of the theories that the policies, the 
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recommended policies, are supposedly based upon. We are interested in 
Dr. Mann’s work, not because of Dr. Mann, as nice a fellow as he may or 
may not be; we are interested in Dr. Mann’s work because it was the 
original. It was seminal. It is referred to. 

I haven’t seen Vice President Gore’s movie, but I am told in that 
movie Dr. Mann’s hockey stick diagram is shown repeatedly. It is only 
fair to take a look at the original seminal work to see if it really lives up 
to what it claims to be. During our last hearing, we were shrugged at for 
asking about that particular study saying it was too early, too distant, but 
the fact is that that particular study is the study that much of the latter 
conclusions have been based upon. It is only common sense to take a 
look at it. We are going to work on the issue, and if it turns out that that 
study is not the right study and if there are more current studies that are 
more correct, we will take a look at those too and we will find out what 
the truth is. The truth is the truth. The truth may be inconvenient. It 
may be politically incorrect, but the truth is the truth. 

A couple of months ago Chairman Whitfield and I asked the U.S. 
Government Accountability Office to help us examine Federal data 
sharing policies especially as they related to climate change research. 
This work will help our efforts to improve the exchange of scientific data 
and other essential information, which as we have seen has been a 
particular problem in the climate change arena. When the dust settles on 
these hearings, I am going to prepare a request to the National Research 
Council, which Dr. Cicerone who is with us today chairs, to take some of 
the issues that Dr. Wegman and others have raised and take a look at it. 

I am going to ask for a study to assess how to include a wider 
spectrum of scientific disciplines in climate change research so that we 
can be enlightened by the very best work across the field of scientific 
research. I am going to ask that this study be coordinated and run though 
the NRC’s Division on Engineering and Physical Sciences so that we can 
ensure that the disciplines like mathematics and physics and statistics 
participate up front. I would be happy to hear any of Dr. Cicerone’s 
comments on that today as we go forward. 

Letting a wider scientific community address questions about climate 
change assessments can only help the process and improve the results. 
We have an obligation on this committee on behalf of the American 
people to ensure that the decision makers have the best information 
possible, not just the politically correct information. I want to thank 
again our panel for coming. I want to especially thank Dr. Mann for 
changing his schedule to be here. I look forward to a very productive 
exchange of views as we go forward today. Thank you, Mr. Chairman. 

[The prepared statement of Hon. Joe Barton follows:] 
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Prepared Statement of the Hon. Joe Barton, Chairman, Committee on Energy 

AND Commerce 

Thank you. Chairman Whitfield. It is clear from last week’s hearing on global 
climate temperature studies that we face issues involving much more than the particulars 
of Dr. Mann’s “hockey stick” studies. However, it is the particulars of these studies - 
and how the existing climate assessment process dealt with them - that got us here today. 
And so I appreciate that Dr. Mann accepted our invitation to lay out his important work 
on global temperature reconstruction, as well as to answer our broader questions 
concerning climate change assessments. 

I also appreciate the participation and perspective of our distinguished panelists 
today, including Dr. Ralph Cicerone, the President of the National Academy of Sciences. 
Let me also welcome back Dr. Wegman and Mr. McIntyre, who testified last week. 

As you noted. Chairman Whitfield, last week’s hearing demonstrated why we as 
policymakers need to understand the quality and reliability of the science on which we 
are urged to base policy that is both sweeping and costly. Some very respected and 
authoritative sources testified last week that Dr. Mann’s studies were flawed, and that 
they couldn’t support the findings for which they were used by the United Nation’s 
climate change assessment, the IPCC. Today I hope we can examine some of these 
issues a bit more. 

I do recognize that additional work has been published that supports in broad outline 
some of the conclusions of Dr. Mann’s initial “hockey stick” studies. But according to 
the National Research Council, even that subsequent work cannot provide the level of 
confidence that IPCC placed upon the hockey stick studies. 

Nothing about the process of turning observations into accepted theories is smooth. 
It has been said that the politics of small towns and big universities are brutal enough to 
make our kind look amateurish by comparison, and I think that might be true. In any 
case, that’s the way science progresses. I not only accept it - bumps included - but I 
support it. 

What I can’t accept is the improbable notion that this committee may not ask 
science- or research-related questions that bear on policymaking when the answers could 
improve the information we use to reach those policy decisions. It is just wrong to say 
that questions are not permitted, or that free debate is improper, or that anyone who 
wonders if the scientific establishment really has it right should be dismissed as anti- 
science or oblivious to the real risks of manmade climate change. Because this 
Committee holds a key role in any policymaking relating to climate change, as its 
Chairman I will do everything I can to ensure that the very best information on these 
issues is available to us. 

We’re interested in Dr. Mann’s work because it is seminal. During our last hearing, 
some shrugged at it as distant and early, but the fact is that Dr. Mann’s conclusions 
influence both current research and global policy. As we try to close the loop on our 
concerns, I also want to emphasize that this Committee will continue to work on the 
issues raised here, to help ensure the reliability of future scientific assessments. 

A couple of months ago. Chairman Whitfield and I asked the U.S. Government 
Accountability Office to help us examine federal data sharing policies, especially as they 
related to climate change research. This work will help our efforts to improve the 
exchange of scientific data and other essential information - which as we have seen has 
been a particular problem in this climate change arena. 

Also, when the dust settles on these hearings. I’m going to prepare a request to the 
National Research Council, which Dr. Cicerone chairs, to take on some of the issues that 
Dr. Wegman and others have raised for us. I will ask for a study that assesses how to 
include a wider spectrum of scientific disciplines in climate change research so that we 
can be enlightened by the very best work that our scientists conduct, all of them. I’ll ask 
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that this study be coordinated and run though the NRC’s Division on Engineering and 
Physical Sciences, so that we can ensure that disciplines like mathematics, physics, and 
statistics participate up front. I’ll welcome Dr. Cicerone’s perspective on this today, so 
that we can formulate an effective request. 

Letting a wider scientific community address questions about climate change 
assessments can only help the process and improve the results. We have an obligation on 
this Committee to ensure that America’s decision-makers have the best information 
possible. 

Thank you all for coming to testify today. I yield back the remainder of my time. 

Mr. Whitfield. Mr. Waxman of California is recognized. 

Mr. Waxman. Thank you very much, Mr. Chairman. The 
magnitude of global warming and the crisis that we are facing on this 
planet demands a serious response from this body. We should be holding 
hearings to understand the ramifications of recent studies detailing the 
harmful effects of global warming that we are seeing all around us from 
increased wildfires in the west to more intense hurricanes, more acidic 
oceans. We should examine practical steps this Congress and the 
Administration must take to reduce global warming pollution. We 
should explore how best to re-engage with the international community 
on addressing this problem because this is going to require all countries 
to do their part. 

We should investigate the well-funded effort by certain oil 
companies to manufacture controversy and cast doubt on the reality of 
global warming and the human contribution to it. This hearing today is 
the third that this committee has held on the issue of global warming. 
We are the committee that would move legislation forward on this 
subject, and this is really a continuation of the second one, which was 
last week. In that hearing, the Republican majority attempted to discredit 
a respected climate scientist and a study he published 8 years ago. Well, 
not only is this use of the subcommittee ridiculous and unfair, it is also a 
waste. Yet, despite its intended focus, today’s hearing does give us the 
opportunity to learn more about the current state of climate science, and I 
am looking forward to hearing the views of Dr. Ralph Cicerone, who is 
the President of the National Academy of Sciences, and the Chairman of 
the National Research Council and a fraternity brother of the Chairman 
of this subcommittee, and he is an eminent climate scientist. 

I am also very pleased we are going to hear from Dr. Mann, who is 
one of the world’s most distinguished paleoclimatologists. Eight years 
ago. Dr. Mann and his colleagues published a groundbreaking study that 
reconstructed the temperature of the Earth over the past 600 years using 
proxy data such as tree rings. Since 2002, Dr. Mann has published 
another half dozen papers revising and building on his work. These 
latter studies, as well as many independent paleoclimate reconstructions 
by other scientists continue to find the same thing. The warmer 
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temperatures in the last few decades are unprecedented compared to 
anything we have experienced in the last thousand years. 

Now the Majority, the Republicans, won’t use this hearing to 
examine Dr. Mann’s recent studies or the independent confirmation of its 
work. Instead, they want to focus exclusively on his original work in 
1998 and 1999 because they think they can find a statistical flaw. So 
what? The strategy is not a subtle one. Because they think they found a 
flaw in one study out of thousands the Majority wants to build the one 
study into the pillar of the scientific case for global warming. The 
Chairman seems to think that if he can discredit one climate scientist. Dr. 
Mann, he can cast doubt on all the climate change research. In effect, it 
is back to the tactics of the tobacco industry. 

I remember well when they would send their scientists to come in 
and just cast a little doubt about whether smoking cigarettes really do 
cause cancer, whether there is really a medical problem. I think 
intimidation is part of the strategy we are seeing. This subcommittee 
launched this campaign against Dr. Mann and several of his colleagues 
last year by demanding to know the source of funding for every study 
they had ever conducted and demanding that they turn over all the data 
for all their research. These are bullying tactics and they drew highly 
unusual protests from the American Association for the Advancement of 
Science, the National Academy of Sciences, and the Republican 
Chairman of the House Science Committee, among others. 

Well, we are having Dr. Mann here today. It is important that he be 
here. Last week we held a hearing where he was criticized. Now he has 
got his accusers back again. They couldn’t wait to have the hearing 
where all of them were together. But this subcommittee will hear about 
Dr. Mann’s work from him and those who criticize him. The 
subcommittee will hear the many other completely independent lines of 
evidence that support the reality of global warming and the role of 
humans in causing it. 

The scientific evidence of human contribution to global warming is 
clear and compelling. The only open question is how long members of 
this subcommittee will keep pretending that it doesn’t exist. I don’t 
know how many hearings we are going to have on the subject of Dr. 
Mann’s one study in 1998, but it seems to me that as we look around this 
country and in in fact all around the world just today we are seeing a 
continuation of some of the highest temperatures on record. We ought to 
get serious about this matter of global warming and climate change. We 
ought to be holding hearings about the important issues that relate to it 
and not this one issue over and over again. I yield back the balance of 
my time. 
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Mr. Whitfield. I would point out that even though Dr. Mann was 
not here last week, he did suggest that Dr. Crowley come on his behalf, 
and Dr. Crowley did testify. I recognize the gentleman from Mississippi 
for an opening statement. 

Mr. Pickering. Mr. Chairman, I thank you for this hearing, and I 
yield back my time. I want to get to the panel as quickly as possible. 

Mr. Whitfield. Mrs. Blackburn, you are recognized. 

Mrs. Blackburn. Thank you, Mr. Chairman. I do want to thank 
you for the hearing, and I want to welcome all of our witnesses. I want 
to thank you for being patient with us and allowing us some more time to 
visit with you. At last week’s hearing we did hear testimony regarding 
errors in Dr. Mann’s 1998 and 1999 hockey stick report, and today we 
are going to be able to hear Dr. Mann’s response to that. We are pleased 
to have him join us and are looking forward to that response. 

I do still have some questions, and I find some of the circumstances 
involving Dr. Mann’s paper a little bit disconcerting. It seems that it 
could only be corroborated by a social network and that seems to be a 
problem. It is difficult for me to see how scientists and policy makers 
could agree with and legislate anything based on research which by all 
appearances cannot be corroborated by independent review. Second, it is 
apparent that until now no independent experts have examined Dr. 
Mann’s data and statistical procedures. 

Again, it is difficult to rely on data that has not been rigorously 
examined for consistency and validity. I am looking forward to some 
answers on that, and I would not say that it is intimidation that has 
brought questions forward. I would say it really is curiosity and a desire 
to know answers. Finally, I have noticed a trend, and this trend raises 
questions, and it is that trend by where a close group of scientists who 
support climate change theory tend to be serving as the primary peer 
reviewers and the lack of that independent review, and those reviewers 
are checking one another’s work. And it may be strictly coincidence but 
again it does not lead me to believe these papers are being as thoroughly 
examined as they might by those that are independent, and the public is 
not being as well served as they should of what they are told is scientific 
proof 

It is critical that even if we should discount the 1990 IPCC report, 
recent analysis of over 250 climate studies and historical records showed 
that the medieval warm period was global and higher than present day 
temperature, and they both concurred that the little Ice Age occurred 
worldwide and produced a substantial drop in the average temperature. 
Also, satellite data and the U.S. surface record indicate that the Earth’s 
temperature in the past 100 years has undergone both warming and 
cooling trends. 
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Last week I mentioned in 1960 when I was in high school there was 
a commonly held premise that we were returning to the Ice Age and by 
the time I reached my current age and a new millennium dawned we 
would be in a perpetual winter with food shortages, et cetera. So we had 
that, that we were dealing with in a cooling trend and that we were being 
taught as high schoolers in the ‘60s, but recent trends seemed to be 
caused by solar activity in the 1990 El Nino, not necessarily by the 
increase of green house gas emissions. 

Mr. Chairman, policy makers depend on the integrity of data. The 
public depends on the integrity of data. Educational institutions depend 
on the integrity of data and results, and I believe it is necessary and 
proper for us to set quality standards for data release and verification for 
any research that receives Federal funds. Thank you, and I yield back. 

Mr. Whitfield. Thank you. I recognize Ms. Baldwin of Wisconsin 
for her opening statement. 

Ms. Baldwin. Thank you, Mr. Chairman. Again, we are here 
discussing global warming, and again I think our focus is off target. 
Rather than addressing action steps to address global warming in a 
bipartisan coordinated and effective manner, we are covering up the real 
issues with irrelevant chatter about the basis of a study that was released 
almost a decade ago, a study that has been updated, revised, reviewed, 
and validated time and time again in recent years. Unfortunately, the 
goal of these hearings is not to show that there is an abundance of 
science demonstrating that the Earth is warming at an unprecedented 
rate, that carbon dioxide levels are rising, and that human activities are 
largely the cause. Rather it is an attempt to poke holes in an old study 
and divert attention away from the decisions that we as policy makers 
often have to make. 

Decisions like should we let big business profits override human 
interests or should our policy time horizon be a few short years or should 
we be thinking about protecting generations yet to come. For if this 
hearing and even Dr. Wegman’s analysis were not commissioned for 
political reasons but rather out of a concern that study after study shows 
the Earth is warming, sea levels rising and snow caps melting, then we 
would be focusing on current information. The committee would have 
asked Dr. Wegman to review Dr. Mann’s and other reputable scientists’ 
work that has been published in recent years. But this is not what the 
committee requested nor what Dr. Wegman studied. 

Instead, the focus is on Dr. Mann’s 1998 and 1999 study that 
contains acknowledged flaws. The argument made over the last week 
against Dr. Mann’s early work are old and tired and really I believe their 
desperate attempts to divert attention away from what countless experts 
agree, that climate change is happening, the global warming is 
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happening, and that our actions, things we as humans do each and every 
day, contribute to this crisis. It is troubling that the United States appears 
to be alone on this island of skeptics. More troubling is that we are 
virtually alone and are inaction. 

Despite being the largest consumer of electricity, oil, and natural gas, 
we refuse to take bold steps that will allow us to lead the world on 
environmental issues, yet countries with significantly smaller footprints 
on the world are making incredible advances that improve the quality of 
the air they breathe, the food and water they consume, and the lifestyles 
they lead. Let me just give a couple of examples. China’s fuel economy 
standards are more stringent than those in Australia, Canada, California, 
and the United States. Meanwhile, we haven’t increased our fuel 
economy standards in over 20 years. 

Brazil’s ethanol program, the largest in the world, has created rural 
jobs, reduced air pollution, and reduced Brazil’s green house gas 
emissions while reducing its dependence on imported oil, yet we refuse 
to take necessary steps to reduce our dependence on foreign energy. 
Denmark has the highest utilization rate of wind energy in the world with 
wind producing approximately 20 percent of Danish electrical 
consumption. Meanwhile, our government has issued notices of 
presumed hazard to wind developers in the Midwest halting and 
threatening to permanently derail wind production. 

And just yesterday Northern Ireland announced that all new homes 
built starting in 2008 must have solar roof panels. In this country, I look 
forward to the day when we take this bold step. Mr. Chairman, we could 
spend the next few hours discussing the fine points of Dr. Mann’s 1998 
and 1999 study, and Dr. Wegman’s analysis of it, or we could focus on 
what is really going on. The Earth’s temperature is rising and has 
reached levels higher than ever recorded. It is true regardless of whether 
you center, de-center, or average the data each and every way you read it 
the conclusion is the same. 

False logic will not bring us closer to an understanding of the 
scientific truth, so let’s stop politicizing science. Rather, let’s show our 
commitment to our environment which we have a moral and ethical 
obligation to protect. I hope that today we will take steps in that right 
direction but I fear we will not. I yield back, Mr. Chairman. 

Mr. Whitfield. Thank you, Ms. Baldwin. I recognize Mr. Stearns 
of Florida. 

Mr. Stearns. Thank you, Mr. Chairman, and I thank you for 
having this hearing. Listening to the folks on the other side, I would say 
to my colleague from California asking why aren’t we spending our time 
developing legislation, I would say it is probably incumbent upon us as 
Chairman Barton pointed out to find out if the facts are correct. We have 
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from the last hearing some inquiry that shows there potentially exists 
some dubious research particularly embodied on the hockey stick effect 
that shows a huge global warning in our period. 

Now if you look at the data and you go to the recent release from the 
National Research Council, Thursday, June 22, 2006, it shows that from 
the period 1400 A.D. to 1900 A.D. were in a little Ice Age, but when you 
go back further back to 1000 A.D. to 1400 A.D. we were in a warm 
period, so is it possible that what we are seeing here is sinusoidal and 
that perhaps we should inquire if this hockey stick graph is the basis for 
this alarm that we should start developing legislation immediately. 
Obviously, it is the centerpiece of movies. It is the centerpiece of 
documents that have been popular, but what it shows is that the 
temperatures were stable in other parts of our period and were much 
higher in the medieval and obviously there was not the human 
population, there was not the gasoline that supposedly is driving this 
warming period now. 

So I think we owe it to our constituents. We owe it to all the 
Americans to find out if the policy decision for this hockey stick is 
accurate so I think what we are doing today, Mr. Chairman, is just simply 
trying to develop an accurate understanding of what is out there. Now 
we had the hearing last week and we heard from Dr. Wegman. This 
report provided an independent critique of the statistical method of Dr. 
Mann, which shows that his information basically produced the hockey 
stick. Dr. Mann asserted that the increase in the temperatures in the 
Northern Hemisphere in the 20^^ Century is likely to have been the 
largest of any century during the past 1,000 years. 

The report also found that 1990 was the warmest decade and 1998 
the warmest year of the millennium. Dr. Mann’s claims are repeated so 
often they are now considered facts, but as often the case with statistics, 
a deeper look at some of these claims show that perhaps there is more 
than meets the eye. Dr. Wegman ’s final report found that Dr. Mann 
misused certain statistical methods in his studies which inappropriately 
selected hockey stick shapes in the temperature history. Dr. Wegman 
concludes that Dr. Mann’s work cannot support the claim that the 1990s 
were the warmest decade of the millennium. 

Specifically, Dr. Wegman found that the temperature proxies used by 
Dr. Mann are incorrectly centered on the mean of the period 1902 to 
1995 rather than on the whole time period. Because the hockey stick 
proxies are centered too low, they will exhibit a larger affected variance 
allowing the graph to exhibit a much more dramatic jump in average 
temperature. The net effect of de-centering in Dr. Mann’s study is to 
produce this hockey stick shape. Centering on the overall mean is a 
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critical factor in using the principal component of methodology properly 
according to Dr. Wegman. 

So that is sort of in a nutshell what we have here so by golly, I think 
it is worthwhile to have a second hearing on this, Mr. Chairman, and to 
try to understand what is happening here, and at the same time not be 
overly critical of anybody because in the end all we want is the truth, and 
to understand if we are in an emergency situation or basically we are in a 
period where there are highs and lows in this earth temperature. And, in 
fact, in the report that has come out with the working group of the 
Intergovernmental Panel on Climate Change, which was used in many 
reports, it shows the last 140 years the temperature of the Earth has gone 
up 1.5 degrees Fahrenheit, so that is 140 years. Now that could be 
coming off a cold cycle which means 1.5 degrees Fahrenheit is even 
more negligible. 

So the question of global warming is something we should look at, 
and I think before we pass legislation or as Ms. Baldwin talked about this 
chattering irrelevance, we should find out what is relevant to the studies 
and if they make sense before we pass legislation. I yield back, Mr. 
Chairman. 

Mr. Whitfield. Thank you. The chair recognizes Ms. Schakowsky 
of Illinois. 

Ms. Schakowsky. Thank you, Mr. Chairman. I find this hearing 
really depressing among other things. There is a sense that somehow 
there is a pretense that what we are engaged in here is some sort of 
scientific-like inquiry but the fact of the matter is that the scientific 
community has reached consensus. You can say anything you want at 
this hearing but that is simply the truth. I want to read something from 
A1 Gore’s book but lest you think it is A1 Gore’s words it is a statement 
of 48 Nobel Prize winning scientists. It says, “By ignoring scientific 
consensus on critical issues such as global climate change President Bush 
and his Administration are threatening the Earth’s future.” 

I am not so upset about a waste of time. We do plenty of that around 
here. But I am depressed about it because that is what is at stake here, 
the time that we are spending here. I also just want to say since we are 
getting into this petty he said, you said, back and forth, the charts that A1 
Gore said— he talked about this teacher of his. Dr. Roger Ravelle. It was 
his chart that he first presented. When he showed a chart that looks very 
similar to our hockey stick it was Dr. Lonnie Thompson’s study that he 
was talking about. These have been repeated over and over again. How 
many times, 928 peer reviewed articles dealing with climate change 
published in scientific journals during the previous 10 years, percentage 
in doubt as to the cause of global warming, 0 percent. 
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The answer is in. And so it seems to me unless somewhere there, 
and Dr. Wegman already has told us over and over again, he is nearly a 
paleoclimatologist, he is not a climate scientist of any sort, unless 
someone can tell us that the planet is not warming and that it is not that 
the warming, I am sure no one would do that, that the warming is not at 
least in part attributable to human activity then what we should be talking 
about is what we are going to do to address the problem. What do we 
know? We know Greenland is melting. We know that some of our 
districts could be under water. We know that human life as we know it 
could be unsustainable in many ways on this planet. Drought, more 
severe storms, flooding, all the things, not to mention for my littler 
grandchildren that polar bears are drowning and different species of trees 
aren’t going to be there. 

Look in magazines, the old National Geographies, to look at the 
changing of the trees in the north. This is happening. So why we would 
be spending our time in what may be— fight about it. Fine. Let the 
scientific community do whatever it wants. Dr. Mann and his old study, 
and let Dr. Mann defend himself, but what we should be sitting down 
and doing, what are those strategies that we can employ to decrease the 
effects of global warming so that life as we know— so what if it is 
normal? So what if— but if human activity is contributing to a greater 
than normal warming or even an upswing right now and the life that we 
have established on this planet is in danger then we ought to be thinking 
about the ways that we address this problem. 

And Mr. Waxman talked about the tobacco companies. Well, we 
have now here on July 27, 2006, ABC News— ever wonder why so many 
people still seem confused about global warming? This is a quote from 
the— the answer appears to be that confusion leads to profit especially if 
you are in some parts of the energy business. One Colorado electric 
cooperative has openly admitted that it has paid $100,000 to a university 
academic who prides himself on being a global warming skeptic. 
Intermountain Rural Electric Association is heavily invested in power 
plants that bum coal, one of the chief sources of greenhouse gases that 
scientists agree is quickly pushing Earth’s average temperature to 
dangerous levels. 

Scientists and consumer advocates say the co-op is trying to confuse 
its clients about the virtually total scientific consensus on the causes of 
global warming. Now virtually totally scientific consensus. Well, 
maybe we can find one or two more. Maybe we could have a dozen 
more hearings of individuals who want to come in and challenge what is 
the scientific consensus. But I am depressed about it and I am worried 
about it because time is wasting for us to do something constmctive 
about this. I thank you, Mr. Chairman. 
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Mr. Whitfield. Thank you. Mr. Bass of New Hampshire. 

Mr. Bass. Thank you, Mr. Chairman. I wasn’t planning to give an 
opening statement but I am kind of warming up to it here. I have been 
somewhat amused listening to these opening statements going back and 
forth like a ping pong ball across the table, and I just have to observe that 
we could sort of divide this debate into four different categories. We 
have the don’t worry, be happy crowd. We have the crowd that believes 
that the world is warming but because we can’t agree on what to do, we 
might as well let the good times roll while we can. Then there is the for 
want of a better word the political crowd that maintains that this whole 
issue is the fault of George Bush, Halliburton, the tobacco companies, 
tax cuts, and failure to raise the minimum wage. 

Frankly, Mr. Chairman, I think these hearings have been 
constructive. I think they have been logical. I think Dr. Wegman’s 
testimony’s last week was dispassionate, scientific, interesting. I think it 
is great that we have Dr. Mann here today to present another point of 
view. I happen to believe personally that there is a problem of global 
warming in the world and there is a pretty good possibility that that may 
have been caused by the excessive growth of the use of hydrocarbons 
over the last century. I don’t blame Republicans or Democrats or 
tobacco companies or any other entity for it. I think it is an issue that we 
need to address, and we need to address it in a logical fashion, and this is 
the beginning of that process. 

Now I think iff were a member of the general public I would want to 
have a few questions answered ultimately as a result of this debate. 
Number one, is there a warming trend going on? Number two, is it 
caused by natural sources or by man? Are the oceans getting warmer? 
Are hurricanes getting stronger? Is global warming the reason why 
hurricanes might be getting stronger? The oceans are a CO2 sink. Is 
global warming affecting the ability of the oceans to absorb CO2 and so 
forth? I think that is the logical progression that a hearing such as the 
one that we had last week and what we have today leads to— we don’t 
need to have a hearing that deals with the conclusions before we build 
the evidence. 

So I want to thank you, Mr. Chairman, for this hearing and as one 
who supports the concept that we need to address this problem I think we 
are moving in the right direction. I yield back. 

Mr. Whitfield. Thank you. At this time I recognize Mr. Inslee of 
Washington. 

Mr. Inslee. This really is pathetically unworthy of America, the 
most technologically oriented society in human history, and we are here 
debating the equivalent of gravity. Literally while America literally 
burns we fiddle. This hearing makes Nero look like a responsible 
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Roman citizen. And we have got to pull our heads out of the sand in that 
regard. Now the reason is— and I am not depressed like Ms. 
Schakowsky. I am enraged. Since the last hearing if anybody bothers to 
read the newspapers an article comes out showing that 80 percent of the 
mass of the glaciers in my state in North Cascades National Park, one of 
the jewels in the crown, melted. A study comes out yesterday. Highest 
heat loss, 50 deaths in California, and we are sitting here fiddling around. 

Article comes out yesterday. We have a dead zone in the North 
Pacific where fish are dying because of change in the circulation patterns 
in our oceans. And we sit here and fiddle around. This would be the 
equivalent after the Titanic of the oversight committee having a hearing 
on how they arranged the deck chairs back in that good old day. Now 
why is this so ridiculous? It is ridiculous because there is total scientific 
consensus not only in American but in the world that we are responsible 
in part for the change in the climatic systems of the globe. I would refer 
to a science article that studied 928 peer reviewed articles and not a 
single one of those peer review articles said anything that most of the 
folks on the Majority side want them to say. 

They all said that every single association in the world that has 
studied this have concluded the climate is changing and humans are 
partially responsible. That includes the American Meteorological 
Society, the American Geo-Physical Unit, the Advancement of Science 
Association, the American Academy of Sciences, and the International 
Panel of Climate Change. And you know what they got here? They got 
nothing. They got nothing to say that those things are not true. We are 
sitting here trying to poke holes in an 8-year old study. You know what 
it is like to me? It is like at the soccer final championship, and you saw 
the head butt by Zidane. He head butted, and everybody says he butted 
him. And they would argue but there was a guy up there in section 23B 
and it didn’t look like a head butt to him, and maybe his eyesight was a 
little bad. 

The world knows what is going on here, and it is a sham. I want to 
refer to some of the science of this. They know it is a sham if you look 
at this graph up here. Atmospheric concentrations of carbon dioxide are 
going up unassailable. 
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Figure 2. Atmospheric Concentrations of Carbon Dioxide, 
1960-2005 



Next slide, please. 


Figures. Carbon Emissions from Fossil Fuel Burning, 
1950-2004 



Our contributions are going up from fossil fuel burning. No question 
about that. Next slide, please. 
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We see the contributions, the CO 2 levels globally over the last 
400,000 years on the top and the temperature at the bottom. What you 
see is that they are very, very closely related. It is an amazing 
relationship. And what you will see at the top if I can get a laser pointer 
to show right up here were 370 PPM. That is higher than any time in the 
last 400,000 years, and what is scary is it is going through the roof It 
will be double preindustrial times in my lifetime and my children’s 
lifetime. 

None of this is arguable. All of this is known. And we are going to 
hear discussion today that we have ice core data that I will talk about that 
is independent of Dr. Mann’s research. We have physical evidence of 
changes of oxygen isotopes that prove what is going on, which is we are 
changing the climate of the United States and the world. Next slide, 
please. 
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Antarctic Ice Core Data 1 
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I just want to show you, this is Antarctic ice core data. The blue 
showing, if I can get my facts straight here, the blue showing 
temperature, the red showing CO2 variations. The relationship is 
incredibly similar. 

And again if you look where we are going to be during my lifetime 
and my children’s lifetime, we will be right here. We will be almost off 
the charts, and we will be double what we were in preindustrial times. I 
challenge anyone here at this table, and I got an outstanding question for 
all of you in this hearing, you tell me if you double CO2 levels for 
preindustrial levels if you think that is a good idea for America. I want 
all of you tell me if you think that is a good idea. I think it is a really bad 
idea. We ought to start being more the American eagle and less the 
ostrich and we ought to fly with new technology instead of putting our 
head under the sand on this issue and then this commerce committee will 
start helping America. 

Next slide, please, if I can just show you one more thing. 
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This is a picture of ice core. We are sitting here talking about some 
paleoclimatic proxy data, and we are going to spend hours talking about 
it, but the fingerprints, the DNA evidence, is in the air in that core picture 
I am showing you because it is 400,000 year old air. We can directly 
measure the oxygen isotopes that is a direct measurement of the 
temperature. We know what is going on and it is not a pretty picture. 
And I look forward to the day that we start doing something about this 
instead of just having these ridiculous examples and arguing gravity. 
Thank you, Mr. Chairman. 

One more comment too before I leave just briefly. I noted Mr. 
Barton, my good friend, I congratulate him on the baseball game this 
year, they whooped us again, and I notice he hadn’t seen this movie 
about climate change. I am going to invite Mr. Barton to go see this 
movie with me. I am going to buy him as much popcorn as he wants, 
and I am going to agree to go to any movie he wants to go to from Zorba 
the Greek to Lawrence of Arabia, anything he wants me to see. I think it 
would be good for both of us. Thanks very much. 

Mr. Whitfield. Thank you very much. You can see we are a very 
social group. 

Chairman Barton. If I go he is going to have to pay. 

Mr. Whitfield. Obviously this is a subject that people feel very 
strongly about, and we are delighted with our witnesses on the first panel 
today. Now it is your turn to talk, and we appreciate you being so patient 
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while we talked. Our first witness, and I will introduce all of you, Dr. 
Michael Mann who is the Associate Professor and Director of the Earth 
System Science Center at Penn State University, University Park, 
Pennsylvania; Dr. John Christy, Professor and Director of Earth System 
Science Center, University of Alabama in Huntsville; Dr. Ralph 
Cicerone, President of the National Academy of Sciences; Mr. Stephen 
McIntyre of Toronto, Ontario, Canada; Dr. Jay Gulledge, Senior 
Research Fellow, Pew Center on Global Climate Change; and Dr. 
Edward Wegman, Director, Center for Computational Statistics at 
George Mason University. 

We welcome all of you. As you know, this is an Oversight and 
Investigations hearing, and we do take our testimony under oath, and I 
would ask any of you do you have any objection to testifying under oath? 
Under the rules of the House and rules of the committee you also are 
entitled to legal counsel. I am assuming that none of you have legal 
counsel with you today, but do any of you have legal counsel today? 
Okay. Then if you would stand and raise your right hand, I would like to 
swear you in. 

[Witnesses sworn.] 

Mr. Whitfield. Thank you very much. All of you are now under 
oath. And, Dr. Mann, we will recognize you for 5 minutes for your 
opening statement. 

TESTIMONY OF DR. MICHAEL E. MANN, ASSOCIATE 
PROFESSOR AND DIRECTOR, EARTH SYSTEM SCIENCE 
CENTER, THE PENNSYLVANIA STATE UNIVERSITY; DR. 
JOHN R. CHRISTY, PROFESSOR AND DIRECTOR, EARTH 
SYSTEM SCIENCE CENTER, NSSTC, UNIVERSITY OF 
ALABAMA IN HUNTSVILLE; DR. RALPH J. CICERONE, 
PRESIDENT, NATIONAL ACADEMY OF SCIENCES; MR. 
STEPHEN MCINTYRE, TORONTO, ONTARIO, CANADA; 
DR. JAY GULLEDGE, SENIOR RESEARCH FELLOW, PEW 
CENTER ON GLOBAL CLIMATE CHANGE; AND DR. 
EDWARD J. WEGMAN, DIRECTOR, CENTER FOR 
COMPUTATIONAL STATISTICS, GEORGE MASON 
UNIVERSITY 

Dr. Mann. Mr. Chairman, members of the committee, thank you 
for inviting me here to appear before you today. I became a climate 
scientist because the Earth’s climate is a fascinating and complex system 
and understanding how it works is so important. Part of my research has 
involved examining preindustrial climate history in order to learn about 
the natural variations in the Earth’s climate. My research in this field. 



637 


not just the initial work that my colleagues and I published in the late 
1990s, but my recent research as well suggests late 20^^ Century Northern 
Hemisphere average temperatures are unprecedented over at least the 
past 1,000 years. 

Of course, we have accurate thermometer measurements only back 
about 100 years, and so we estimate climate prior to that period from 
indirect sources called climate proxies such as tree rings, corals, and ice 
cores. This work involves many uncertainties and there are numerous 
judgment calls that must be made. For that reason we are rarely 
categorical in the conclusions that we reach. What is important, 
however, is that the scientific community has reached consensus that 
recent northern hemispheric average warmth appears to be 
unprecedented over at least the past 1,000 years, and that this warmth can 
only be explained by anthropogenic or human influences on the climate. 

This conclusion is not based on single studies or isolated research but 
is confirmed by many studies using different sets of data and 
independent statistical methods and indeed this conclusion was just 
echoed weeks ago by a report of the National Academy of Sciences, the 
most prestigious nonpartisan scientific body in the Nation. So where 
does my research fit into this? Taken as a whole my own research is in 
accord with the scientific mainstream reflected in the National Academy 
report and elsewhere that there has been unprecedented warming in the 
Northern Hemisphere over the past 100 years. 

Exhibit A, if you can take a look at Exhibit A there, that shows that 
this conclusion is common to a number of similar studies including two I 
was involved with. This committee is not looking at my work on the 
whole or on the larger body of science on this issue. It is instead 
focusing on the first study of this type my colleagues and I published and 
undertook in 1996 while I was still a graduate student. While there were 
previous reconstructions based on proxy data our study was the first to 
estimate global patterns of past temperature change and the first to 
estimate uncertainties. Our initial study published in the journal. Nature, 
in 1998 was followed by an additional study in the journal. Geophysical 
Research Letters, in 1999. The main conclusion of the 1998 study was 
that there had been unprecedented warming in the Northern Hemisphere 
in recent decades. The 1999 study reinforced this conclusion but also 
reassessed and expanded the uncertainties and added the tentative 
conclusion that it was likely that the 1990s were the warmest decade over 
that thousand year time period and that 1998 was the warmest year. 

The 1999 study included a graphic depiction of the temperature 
history over the last millennium, which demonstrated an unprecedented 
rise during the 20^^ Century. Some have dubbed this graphic the hockey 
stick. If the question this committee seeks to answer is whether knowing 
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what I know today, a decade after starting the original study, my 
colleagues and I would conduct it in exactly the same way, the answer is 
plainly no. The field of paleoclimate reconstruction has evolved 
tremendously over the past decade. 

Important new proxy data have been developed. Reconstructions 
have been compared with independent estimates from climate model 
simulations and confirmed by those simulations. Statistical methods for 
reconstructing climate from proxy data have been refined and rigorously 
tested, and I have been actively working in each of these areas. This is 
important because all the focus of criticism on our work in the late 1990s 
has been on the statistical conventions we used. My co-authors and I 
have not used those conventions in our later work. 

The critique goes only to our first reconstruction effort. It does not 
apply to our more recent studies all of which indicate the same basic 
hockey stick result. Exhibit B demonstrates this point. The green 
reconstruction does not use principal component analysis at all so the 
statistical conventions being discussed here have no relevance, and it is 
the same basic reconstruction, if you will, essentially the same “hockey 
stick.” Now our critics do not confront the fact that our basic conclusion 
is not an isolated or aberrational finding reached only in one study. 
Every climate scientist who has performed a detailed reconstruction of 
the climate of the past 1,000 years using different proxy data and 
different statistical methods has come up with the same basic hockey 
stick pattern, that is to say a reconstruction that agrees with our original 
reconstruction within its estimates uncertainties. 

My critics also fail to recognize that even if their criticisms are 
accepted it has no bearing on the outcome. Dr. Wegman’s report argues 
that the hockey stick pattern derives from the statistical conventions used 
in our 1998 and 1999 studies. However, using alternative statistical 
conventions yields the same hockey stick pattern. The hockey stick 
pattern is intrinsic to the data. That was the conclusion of the National 
Academy. Page 116 of the National Academy report says the statistical 
convention my colleagues and I used “does not appear to unduly 
influence reconstructions of hemispheric mean temperature; 
reconstructions performed without using principal component analysis 
are qualitatively similar to the original curves presented by Mann et al.” 

This was also the conclusion reached by Dr. Hans von Storch who 
testified here last week, and by four independent teams of scientists who 
published peer reviewed articles considering and rejecting the conclusion 
that the statistical methods used in our early studies were responsible for 
the hockey stick result. Finally, my critics ignore the fact that other 
scientists have repeated original results using the centered PCA analysis 
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that Dr. Wegman favors and have concluded that the result is basically 
the same as we originally reported. This is summarized in Exhibit C. 

So even if one accepts as valid the criticisms about the statistical 
conventions used in our early work our results are essentially unaffected. 
As you can see, the two curves are barely distinguishable within the 
width of the lines that are shown. And as I have said before our key 
conclusion that recent hemispheric warmth appears unprecedented over 
at least the past millennium has been confirmed by every study that has 
examined the same question. 

Finally, it is worth expressing again that paleoclimate reconstructions 
represent just one of many independent lines of evidence that support the 
conclusion that human activity is already having a substantial impact on 
global climate. I appreciate this opportunity to answer the committee’s 
questions. I am sorry I could not be here last week but as I had explained 
to committee staff, I had to take care of my infant daughter while my 
wife was attending a conference. 

[The prepared statement of Dr. Michael E. Mann follows:] 
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Prepared Statement of Dr. Michael E. Mann, Associate Professor and Director, 
Earth System Science Center, The Pennsylvania State University 

Mr. Chairman, and members of the Committee. My name is Michael Mann. I am 
an associate professor in the Departments of Meteorology and Geosciences at Penn State 
University, and Director of the Penn State Earth System Science Center. My research 
involves the use of climate models, the analysis of empirical climate data, and developing 
methods for comparing observations and model predictions. The primary focus of my 
research is understanding the long-term behavior of the climate system, including key 
climate processes such as the El Nino/Southem, and determining the roles of various 
potential agents of climate change, both natural and human. 

I have served as organizing committee chair for the National Academy of 
Sciences Frontiers of Science, and as the co-author or advisor for several National 
Academy of Sciences panels related to climate change. I served as a member of the 
Committee on Probability & Statistics of the American Meteorological Society for three 
years. I have also served as editor for the Journal of Climate of the American 
Meteorological Society and have served as a member of numerous other international and 
U.S. scientific working groups, panels and steering committees. I have co-authored more 
than 70 peer-reviewed articles and more than 30 other peer-reviewed contributions and 
book chapters on climatology and paleoclimatology. 

In my testimony here today, I would like to emphasize the following key points: 

1) Numerous independent studies using different data and different statistical 
methods have re-affirmed the most important conclusions of the work my colleagues and 
I began more than a decade ago. All published studies show that late 20f^ century 
average Northern Hemisphere warmth appears to be unprecedented over at least the past 
1000 years. Several studies now suggest this holds over an even longer timeframe. 
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2) Our main conclusions have recently been endorsed by an expert non-partisan 
report issued by the U.S, National Academy of Sciences (NAS) just weeks ago. The NAS 
endorsed our conclusion that the late 2(f^ century Northern Hemisphere average warmth 
was likely anomalous in the context of at least the past 1000 years. ‘‘Likely ” means 
having a slightly better than even probability — i.e., a probability of roughly two-thirds. 
(See 2001 IPCC Report). In their press conference, the authors of the NAS report stated 
that they too believe a roughly two-thirds probability can be attached to this conclusion. 
The NAS report also noted that our conclusions are supported by multiple independent 
studies and independent lines of evidence. 

3) The precise details of our early work have been independently reproduced and 
confirmed by climate scientists Dr . Eugene Wahl and Dr. Caspar Ammann based on the 
data used in our study and the algorithm descriptions that have been available in the 
public domain for years. This work also confirms that my co-authors andlfiilly adhered 
to scientific standards by making our data available to other researchers. 

4) Climate scientists are not a close-knit “social" group that engages in group 
think. Hundreds of scientists work in this field and we are a competitive bunch. We 
compete for scarce research dollars, academic recognition, and professional standing. 
Every scientific publication that my colleague or I have published has been subject to 
rigorous and independent peer review. Peer review in my field is anonymous. Authors 
play no role in selecting peer reviewers. And it is quite possible — indeed likely — that 
a journal will select someone who has expressed skepticism in one ‘s work as a peer 
reviewer. 

5) The evidence for human-induced climate change does not rest solely or 
primarily on paleoclimatic evidence generally, or on my work in particular. 
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In order to understand the work that my colleagues and I have performed, it is 
important to locate it within the larger body of climate studies. Prior to our work in the 
late 1990s, few scientists had attempted to undertake a detailed spatial reconstruction of 
the climate during prior centuries, and associated errors were basically unquantified. For 
that reason, scientists had to rely on cartoon-like schematics, much like the one presented 
in the 1 990 IPCC report. By the mid 1 990s, researchers had recognized that is was 
possible to attempt a more rigorous, quantitative reconstruction of past climate using 
proxy climate data. Our study was just one of several studies in the late 1990s which 
attempted to produce such a quantitative reconstruction of past large-scale temperature 
changes. It was considered by many to be the most comprehensive reconstruction 
because of its emphasis on spatial patterns of past change, and our quantitative estimation 
of uncertainties. In the words of the NAS, our work was “groundbreaking.” As a result, 
a number of assumptions had to be made with little guidance available from past work. It 
was for that reason that our 1 999 Geophysical Research Letters article describing our 
reconstruction of Northern Hemisphere temperature changes over the past millennium 
was titled “Northern Hemisphere temperatures during the past millennium: inferences, 
uncertainties, and limitations,^^ (Emphasis added). The article also emphasized both the 
caveats and uncertainties involved, and the tentativeness of our conclusions. Indeed, the 
points of our study that have engendered the most interest — that the 1990s were likely 
the warmest decade ever; and that 1 998 was likely the warmest year in the past 
millennium — were all presented as tentative conclusions (e.g., “likely” which, by IPCC 
standards, means having a roughly 2/3 probability of being correct), not as categorical or 
unequivocal findings. 
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Our work is hardly out of the mainstream. The paleoclimate reconstruction 
studies published by my co-authors and I in the late 1990s represented just one of many 
independent studies which came to similar conclusions. Our studies represented a 
significant advance in the field at the time primarily because they provided estimates of 
spatial patterns of temperature change, something that is of equal or greater scientific 
interest than simply the average temperature of the Northern Hemisphere. Our study was 
also the first to attempt to estimate uncertainties. It was unfortunate that only our 
reconstruction was shown in the 2001 IPCC Summary for Policy Makers (SPM) which is 
far more widely read than the Scientific Assessment report. While I was a co-author of 
chapter 2 of the Scientific Assessment report, I had no authorship or editorial 
involvement with the SPM. In chapter 2 of the Scientific Assessment report, three 
different paleoclimate reconstructions were shown. Each of these reconstructions 
supported the conclusion that late 20^^ century Northern Hemisphere average warmth was 
likely unprecedented as far back as reconstructions were performed, which, in two cases, 
dated back 1 000 years. 

Since the publication of our original work in the late 1 990s and the publication of 
the 2001 IPCC report, numerous other Northern Hemisphere average temperature 
reconstructions have been published in peer-reviewed journals. Each of these 
reconstructions, using different sets of proxy data (in some cases which are entirely 
independent of the data we used) and different statistical methods, come to the same key 
conclusion: That late 20^^ century warmth is likely anomalous in the context of at least 
the past 1000 years (see exhibit A). In fact, recent studies extend this conclusion to at 
least the past 2000 years. See Moberg A, Sonechkin DM, Holmgren K, Datsenko NM, 
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Karlen W. 2005. Highly variable Northern Hemisphere temperatures reconstructed from 
low and high-resolution proxy data. Nature 433: 613-617. 

At the time my collaborators and I published our original studies, there were no 
existing methods of combining diverse proxy data to reconstruct past spatial temperature 
patterns. Our results, as discussed further below, have proved robust. In the decade since 
our original calculations were performed, new proxy climate records have been 
developed, statistical methods for reconstructing climate from proxy data have been 
refined, new methods for using synthetic climate proxy data derived from simulations 
have been tested, and detailed comparisons between proxy reconstructions and 
independent estimates from theoretical climate models have been conducted. All of this 
is aimed at better understanding the workings of the climate system. 

I have been actively engaged in these research activities. For more than five 
years, my collaborators and I have been developing and applying alternative methods that 
represent a significant refinement to our original methods. We have shown that these 
methods are not subject to the criticisms that have been raised regarding our original 
work {see, e.g., Mann, M.E., Rutherford, S., Wahl, E., Ammann, C., Testing the Fidelity 
of Methods Used in Proxy-based Reconstructions of Past Climate, Journal of Climate, 

18, 4097-4107, 2005) and yet they yield results essentially indistinguishable from those 
reported in our original work. See Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, 

R.S., Briffa, K.R., Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere Surface 
Temperature Reconstructions: Sensitivity to Methodology, Predictor Network, Target 
Season and Target Domain, Journal of Climate, 18, 2308-2329, 2005. 

The report by Wegman, et al., looks only at our earliest work. Wegman’s report 
does not look at any of our more recent studies, or the work of dozens of other climate 
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scholars. That omission is striking because these researchers have found the same basic 
hockey stick” temperature history. Nonetheless, Wegman’s report does not examine 
whether the use of statistical conventions he suggests undermine our original work have 
been employed in more recent work by my co-authors and me, or of the other climate 
scientists engaged in reconstruction work. Whatever merit one assigns to Wegman’s 
criticisms, they go to the first, and necessarily most tentative, of all of the reconstruction 
data and ignore the enormous amount of diverse and sophisticated work that has 
followed. 

For this reason, the narrow focus of the Wegman report misses the point. The 
hockey stick” is not simply an isolated or aberrational finding my co-authors and I 
reached only once, in one study. On the contrary, it is a finding that eveiy climate 
scientist who has performed a detailed examination of the available data has reached, 
because the hockey stick figure is driven by the data. The Wegman report does not 
acknowledge the key point made in the recent NAS report, namely, that many researchers 
have come up with the same basic “hockey stick” reconstruction (i.e., a reconstruction 
that is within the estimated uncertainties of the Mann et al reconstruction) based on the 
use of different proxy data sets or different statistical methods (see Exhibit A). Nor does 
the report acknowledge any of the work that my collaborators and I have been engaged in 
during recent years seeking to refine the original methods we developed a decade ago. 
These refined methods, unexamined by Wegman, et al., yield essentially the same result 
as our original methods, although they use different statistical techniques (see Exhibit B). 

Moreover, Wegman has not been careful to represent our findings accurately. For 
instance, Wegman and his co-authors have stated in their report: "Overall, our committee 
believes that Mann 's assessments that the decade of the 1990s was the hottest decade of 
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the millennium and that 1998 was the hottest year of the millennium cannot be supported 
by his analysis, We never made the sort of definitive statements attributed to us by 
Wegman. In the abstract of our 1999 article in Geophysical Research Letters we stated 
that “[w]e focus not just on the reconstructions, but on the uncertainties therein, and 
important caveats. . .expanded uncertainties prevent decisive conclusions for the period 
prior to A.D. 1400.” We concluded by stating that, “. . .more widespread high resolution 
data are needed before more confident conclusions can be reached. . .” It is hard to 
imagine how much more explicit we could have been about the uncertainties and 
limitations. 

Perhaps the most serious omission in the Wegman report, however, is its failure to 
acknowledge that its central focus — the conventions used for centering in the Principal 
Components Analysis used to represent certain tree-ring proxy data — has no significant 
implications on the results of our analysis. The hockey stick pattern derives fi-om the 
data, not in the PC A. Nonetheless, Wegman’ s report claims that the PCA centering 
convention used to represent the North American tree-ring data network in our 1998/1999 
studies is responsible for the “hockey stick” shape of our reconstruction. But the report’s 
conclusion does not follow from its premise. Even accepting that certain statistical 
conventions that were used in our original studies might not be optimal under some 
circumstances, the use of alternative conventions yields the same “hockey stick” figure. 
Nowhere does the Wegman report even acknowledge that its assertion that our 
reconstruction is a function of PCA centering conventions was rejected by the NAS. On 
page 1 16 of the NAS Report, the NAS notes that the PCA procedure used by Mann et al. 
“does not appear to unduly influence reconstructions of hemispheric mean temperature; 
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reconstructions performed without using principal component analysis are qualitatively 
similar to the original curves presented by Mann et al.” 

I understand that Dr. Hans Von Storch made precisely this point at the previous 
hearing. That is not surprising. Even apart from the NAS, the contention that our initial 
PCA procedure is responsible for the “hockey stick” figure has been considered and 
rejected hy four independent teams of scientists, including one led by Dr. Von Storch: 

(i) Huybers [Huybers, P. (2005), Comment on “Hockey sticks, principal components, and 
spurious significance” by S. McIntyre and R. McKitrick, Geophys. Res. Lett., 32, 

L20705, doi:10.1029/2005GL023395], (ii) Von Storch and Zorita [Von Storch, H, and E. 
Zorita (2005), Comment on “Hockey sticks, principal components, and spurious 
significance” by S, McIntyre and R. McKitrick, Geophys. Res. Lett., 32, L20701, 
doi:10.1029/2005GL022753], (iii) Wahl and Ammann (2006) [Wahl, E.R. and C.M. 
Ammann (2006), Robustness of the Mann, Bradley, Hughes Reconstruction of Surface 
Temperatures: Examination of Criticisms Based on the Nature and Processing of Proxy 
Climate Evidence, Climatic Change (in press); see website: 

http://www.cgd.ucar.edu/ccr/ammann/millennium/refsAVahlAmmann_riimChange20Q6. 
html] and (iv) Rutherford et al (2005) [Rutherford, S., M.E. Mann, T.J. Osborn, R.S. 
Bradley, K.R. Briffa, M.K. Hughes, and P.D. Jones (2005), Proxy-based Northern 
Hemisphere Surface Temperature Reconstructions: Sensitivity to Methodology, Predictor 
Network, Target Season and Target Domain, Journal of Climate, 18, 2308-2329]. 

These studies are significant to the Committee’s work because each one shows 
that the PCA convention simply influences the relative ordering of the leading patterns of 
variance in the proxy data, and does not lead to the “hockey stick” shape of the 
reconstruction, nor does it have any significant influence at all on the details of the 
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reconstruction. Exhibit “C” taken from Wahl and Ammann (2006) (on which statistical 
climatologist Dr. Douglas Nychka was consulted) demonstrates what the Mann et al. 
(1998— “MBH98”) reconstruction looks like if the “centered PCA analysis” is used 
rather than the PCA convention of MBH98 and, if in addition, one of the less well 
replicated proxy series contested by McIntyre and McKitrick is removed form the data 
set. The result is basically the same “hockey stick” reconstruction as MBH98. In fact, if 
one does not use PCA to represent proxy data networks, and uses a completely different 
method (“RegEM”) to relate the MBH98 proxy dataset to modem instmmental patterns, 
again essentially the same reconstruction is observed (see Rutherford et al, 2005 referred 
to above). That is because, as I’ve said, the hockey stick pattern is in the data. Whether 
PCA is used, or how it is used, does not make any overall difference. PCA was simply 
used to encapsulate all of the statistically relevant information in the proxy data, and so 
whatever patterns are in the data will always influence the final reconstmction. Only 
when statistically significant information is removed from the dataset is a different result 
obtained. 

The reconstmction work by other scholars like Wahl and Ammann also lay to 
rest any suggestion that my colleagues and I did not fully disclose our underlying data 
and therefore hindered replication of our work. Attempts by other climate scientists, such 
as Wahl and Ammann (2006), have successfully reproduced our results based entirely on 
our publicly available data and algorithmic descriptions. More significant than this, 
however, is the fact that numerous studies using different proxy data and methods, or 
using climate model simulations, have given essentially the same result as our original 
1990s work. 
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Paleoclimate reconstructions produced by various groups, as specifically 
highlighted in the NAS report, are only one of many independent lines of evidence that 
have led the world’s scientific community to reach a consensus that modem global 
warming is real and is, in large part, attributable to human activity. All of the climate 
scientists that testified in the earlier hearing agreed on that point. Greater attention needs 
to be paid to this pressing issue, including estimating the likely impacts of future climate 
change, and seeking solutions that will allow us to avert its most detrimental effects. 

As climatology has become a more inter-disciplinary field the need for better 
communication between sub-disciplines and between observationalists, modelers and 
analysts has become clear. Steps that could facilitate this communication include 
improved funding for the world data centers so that more effort can be made on data 
recovery and archiving, and developing systems to ensure that data gatherers can be 
properly credited for data deposited in public archives. 

Thank you. 
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Exhibit A. Comparison of various different reconstruction of Northern Hemisphere 
average temperatures over the past 1000 years. 
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Exhibit B. [from Rutherford et al (2005), Figure 2], Original MBH98 reconstruction 
(blue) compared against reconstruction (green) using original MBH98 proxy data set and 
analtemative statistical method which does not represent proxy data with PCA at all. 
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Exhibit C. [from Wahl and Ammann (2006), Figure 5d]. MBH98 reconstruction using 
centered PC analysis: Red is the original MBH emulation and green is the calculation 
using centered PC analysis (and additionally removing one of the less well replicated tree 
ring series). 
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Mr. Whitfield. Dr. Mann, thank you. You have heard all the bells 
going off. We do have a series of four votes on the floor but before we 
go, Dr. Christy, I am going to ask you to give your opening statement. 
Then we will recess for probably about 30 minutes and we will come 
back and take the rest of the testimony. 

Dr. Christy. Thank you. Chairman Whitfield, Ranking Member 
Stupak, and committee members, I am John Christy, Director of the 
Earth System Science Center at the University of Alabama in Huntsville, 
and the Alabama state climatologist. I served as a lead author of IPCC 
2002 chapter on observations with Dr. Mann, and as panelist on the NAS 
report on temperature reconstructions. As the lead author of the IPCC, I 
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helped craft the now infamous statement about the 1990s and 1998 being 
the warmest decade and year. 

Our confidence was described as likely rather than very likely or 
virtually certain. In other words, we chose a relatively low level of 
confidence because of the following concerns known at that time. First, 
that the hockey stick was new and had not had time for independent 
analysis for confirmation or revision. Two, a key factor or a key anchor 
for that early part of the record was a western tree ring series that 
explained only about 5 percent of the overall variability. And, three, that 
the unavoidable constraints on the length of the calibration and validation 
periods really prevented confident knowledge of the relative warmth of 
different centuries. 

A more disappointing aspect of the IPCC regarding temperatures 
over the last millennium was that some important work was not included, 
specifically the work of Dahl- Jensen et ah, 1998, which I recommended 
for inclusion many times, was completely missing from this section. 
These borehole temperatures from Greenland represented probably the 
most reliable regional temperatures over the last millennium. Thus, in at 
least one location we had high confidence that it was warmer 1,000 years 
ago, and though Greenland’s temperature may not be tightly connected 
to hemispheric averages, Greenland is important for sea level averages. 
If Greenland were warmer in the relatively recent past were its edges also 
melting as they appear to be now under cooler conditions? I believe the 
IPCC missed an opportunity to demonstrate climate complexity by 
excluding this information in 2001. 

Dr. Roy Spencer and I created the first satellite-based data set 
temperature back in 1990. We are now working on improvements to the 
8^^ revision brought about by the divergence of the two most recent 
satellites. 

When asked by others, we provided sections of our code and relevant 
data files. By sharing this information, we opened ourselves up to 
exposure or a possible problem which we had somehow missed, and 
frankly this was not personally easy. On the other hand, if there was a 
mistake we wanted it fixed. Not knowing the outcome of the work done 
by scientists at Remote Sensing Systems they asked if they could publish 
what we had sent them. In my formal scientific response, I wrote, “Oh, 
what the heck. I think it would be fine to use and critique, that is sort of 
what science is all about.” 

And so it was that in August 2005 RSS published a clear example of 
an artifact which created errors in the tropics in our data. In Science 
magazine the following November we published the information about 
our now-corrected temperatures and expressed our gratitude to RSS for 
discovering our error. While a bit painful, this process as recommended 
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in the National Academy’s report, resulted in progress and better 
scientific information. 

Finally, greenhouse gas concentrations are increasing, and therefore 
the radiation budget of the atmosphere will be altered. In response, the 
surface temperatures will or should rise. Our observational work, 
however, has not been able to show clear support for the manner or 
magnitude of this response as depicted by current climate models. For 
policy makers this is important. For example, we cannot reliably 
reproduce or predict the climate for large regions within the United 
States. It would be a far more difficult task to reliably predict the effects 
of a policy that reduce greenhouse gas emissions. 

Simply put, we cannot say with any confidence to you or to the 
American taxpayer that by adopting policy X we will cause an impact Y 
on the weather of the climate system. 

What I really find disturbing today is the demonization of energy and 
its most common byproduct, carbon dioxide, CO 2 . I cannot call CO 2 a 
pollutant when it is a source of life on the planet. CO 2 is plant food. 
But, as importantly, the extra CO 2 we have put in the air represents 
astounding improvements in the health, longevity, and quality of human 
life. I suspect half of us in this hearing room would not be here but for 
the benefits wrought by affordable energy. Energy use is not evil. 

I believe my experience in Africa is important in this whole 
discussion of energy and climate. In the 1970s I taught science and math 
as a missionary teacher, and I saw the energy system there. The energy 
source was wood chopped from the forest. The energy transmission 
system was the backs of women and girls hauling wood an average of 
three miles each day. The energy use system was burning the wood in an 
open fire indoors for heat and light. The consequence of that energy 
system was deforestation and habitat loss while for people it was poor 
respiratory and eye health. The U.N. estimates 1.6 million women and 
children die each year from the effects of this indoor smoke. 

Energy demand will grow, as it should, to allow these people to 
experience the advances in health and quality of life that we enjoy. They 
are far more vulnerable to the impacts of poverty, water pollution, and 
political strife than whatever the climate does. I simply close with a 
plea, please remember the needs and aspirations of the poorest among us 
when energy policy is made. Thank you very much. 

[The prepared statement of Dr. John R. Christy follows:] 
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Prepared Statement of Dr. John R. Christy, Professor and Director, Earth 
System Science Center, NSSTC, University of Alabama in Huntsville 

House Committee on Energy and Commerce 
Subcommittee on Oversight and Investigations 

27 July 2006 
John R. Christy, Ph.D. 

University of Alabama in Huntsville 

Chairman Whitfield, ranking member Stupak, and committee members, I am 
John Christy, professor of Atmospheric Science and Director of the Earth System 
Science Center at the University of Alabama in Huntsville. I am Alabama’s State 
Climatologist. I also served as a Lead Author of the chapter on Observations of 
the Intergovernmental Panel on Climate Change 2001 Assessment, a Lead 
Author of the Climate Change Science Program’s report on temperature trends 
and as a Panelist on the National Academy of Sciences report on temperature 
reconstructions over the past 2000 years. 

This written testimony covers a wide range of topics. I will discuss the Idea of 
“consensus” in climate reports and how scientific results may be convoluted by 
that process. I will examine the issue of sharing computer code and data, and the 
way it led in our experience to a more reliable dataset. The issue of relative 
temperatures of the past 1000 years as stated In the IPCC 2001 will be 
addressed from my perspective as of one of the Lead Authors explaining that we 
chose words signifying a relatively low level of confidence. I also will note my 
disappointment with the exclusion of information that pointed to a more complex 
picture of temperature variability over the last millennium. I touch on the 
imperceptible climate impacts of energy policy options being considered 
nowadays and close with some comments about the unfortunate demonizatlon of 
energy, the resource that has produced uncountable benefits in human health, 
longevity and freedom from deprivation. 
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Consensus Reports and Science 

In describing the process of generating scientific reports by consensus I was 
quoted in the New York Times as saying it was the worst way to gather scientific 
information except for all the others. 

Consensus at its heart is a political notion. It Is a process of selecting words that 
don’t offend the combined sensibilities of a particular set of the authors and 
reviewers, and is often done grudgingly. It is almost certain that a different set of 
authors and reviewers would select a different set of words and interpretation 
even If given the same scientific material. 

One example from the first report of the Climate Change Assessment Program’s 
(CCSP) on surface and atmospheric temperature trends comes to mind. This 
may provide a window into the “science-by-consensus” process. The report’s 
main task was to reach conclusions about temperature trends measured at the 
surface and those measured in the lower atmosphere. Projections from 
theoretical climate models indicated atmospheric trends should be warming 
faster than the surface, especially in the tropics. However, several observational 
datasets did not support the models, suggesting flaws In the way greenhouse 
theory was being expressed in those models. Was this discrepancy real? 
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The original headline was made public in the near-final drafts as, “There is no 
longer evidence of this discrepancy.” This was constructed in a rather busy 
Chicago meeting in which various authors were working on finalizing their own 
chapters as well as dealing with this punchline. After sitting with this 
characterization for a few days I could not agree with its dogmatic tone of finality. 
The problem was that there was evidence for discrepancies within the report 
itself. 

In terms of strict scientific defensibility the statement should have said, “The 
magnitude of the global discrepancies in trends is not significant.” I made known 
my view and our lead Editor, Dr. Tom Karl, Instigated a special, last minute 
conference call with the authors to let me make my case. I was basically 
unsuccessful at persuading the others. 

At one point I offered to have a footnote inserted that stated something like, “One 
author, John Christy, recommends the following version...” I didn't mind being 
singled out in print as having a different view. That idea was not accepted 
because, I presume, it violated the notion of consensus. Rather, the punchline 
statement was massaged a bit to give a little less dogmatism in its meaning to, 
“This significant discrepancy no longer exists.” 

The problem still for me is that discrepancies do indeed exist as clearly indicated 
in the raw numbers provided in the body of the report. However, error margins of 
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the datasets included the possibility (not the proof) that there were no 
discrepancies. The difference In meaning of these two statements was apparent 
to me; rather than promoting a certainty of knowledge as does the first, my 
proposal acknowledged the uncertainty in our observations, and thus in model 
evaluation. 

This example doesn’t cast doubt on the credibility of the body of the report and 
the considerable information it provides. The many tables and figures display the 
real currency of science; numbers. The interpretation of those numbers, 
especially in the high profile Executive Summary, represents the political art of 
consensus, with the underlying knowledge that from this the headlines burst 
forth. 

I often wonder what conclusions a completely different group of authors would 
have reached in the Executive Summary given the same scientific information. 
[That would be a very Interesting experiment to perform!] My basic point Is that 
one should recognize that scientific material and Interpretation of that material 
are contained in these reports. The interpretation is difficult to test for accidental 
or even subtle bias. Specific statements may arise from the dogged advocacy of 
a small group and the fatigue of the remaining writers, but in the end is blanketed 
by the notion of “consensus." This leaves a murky path of accountability where 
“all" authors are accountable but at the same time “none" are. 
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1 am risking something here. What future committee would ask me to serve if I 
might be tempted to later expose some deliberation to the public after all was 
said and done? I have been careful here to limit this example to one that 
involved only me, and that was made fully public in the process of final review. 
But, would the idea of public exposure and potential accountability constrain the 
typically free-wheeling discussions we as scientists enjoy in trying to reach 
conclusions? In any case, I hope this example will not threaten future 
opportunities for me while giving the committee a sense of the limitations of 
scientific consensus. 

Consensus reports are not inerrant, nor infallible. And, as time goes on, new 
discoveries will demonstrate how science evolves and understanding improves. 
In the science of climate change we will never have the “Final Answer”. 1 wish 
every one of these reports began with the line my high school physics teacher 
drilled into us, “At our present level of ignorance we think we know ...” 


IPCC 2001 . NAS and MBH99 (i.e. the “Hockey Stick”) 

The National Academy of Sciences (NAS) recently released a report about 
surface temperature reconstructions of the past 2000 years. Regarding the NAS 
statement which evaluated MBH99 and how it was expressed in the IPCC 2001, 1 
specifically recused myself from discussing that one paragraph since I was an 
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author of the original IPCC statement. I did not want to be seen as having a 
conflict of interest and of opening the NAS to such a claim. 

As one of the Lead Authors of the Observations chapter in IPCC 2001 , 1 helped 
craft the now infamous statement regarding the relative warmth of the 
temperature of the decade of the 1990s and the single year 1998 in the past 
millennium. We selected the qualifying term “likely” warmest rather than “very 
likely” or “virtually certain”. In other words we chose the term which represented 
a relatively low level of confidence, being two thirds chance of being correct. 
“Very likely” meant 90% confidence while “virtually certain” demanded 99% 
confidence. 

Through consensus, and I’ve indicated the dangers of applying consensus, we 
settled on “likely”, meaning the evidence indicated to several of us that there still 
remained considerable uncertainty surrounding proxy temperature 
reconstructions and their errors. 

Some IPCC authors were concerned that MBH99 was new and had not had time 
to be exposed to independent analysis to confirm or revise the result. We also 
learned at that time that a key anchor for the early part of the record was a 
western tree ring series that explained only 5% of the overall temperature 
variability. I was specifically concerned that the unavoidable constraints on the 
length and certainty of the calibration and validation periods prevented confident 
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assignment of the relative warmth of century-scale temperatures. We eventually 
chose “likely” based on such concerns. 1 also remember that we casually 
discussed the possibility that this figure would become a prominent result of our 
chapter, but had no idea that it would receive the level of notoriety it eventually 
did. I think the wide but improper use of the figure promoted an idea that nothing 
happened for 900 years, then all of the sudden everything happened, giving a 
false impression of how climate varies over time. 

A more disappointing aspect of IPCC 2001 regarding temperatures of the last 
2000 years was that some important work was not included. Specifically, the 
work of Dahl-Jensen 2000 et al., which I recommended to be included on a 
number of occasions, was completely missing in this section. At that time, this 
particular analysis of borehole temperature records from Greenland was probably 
the most confident assessment of relative regional temperature values over the 
last millennium. Thus, in at least one location of the northern hemisphere we had 
high confidence that 1000 years ago there was a relatively long period of warmer 
temperatures than observed in the most recent decade. And, though 
Greenland’s temperature may not be tightly connected to that of the entire 
northern hemisphere, Greenland in and of itself is important In dealing with 
claims of melting ice and sea level rise. 

If Greenland were indeed warmer in the relatively recent past, as several proxy 
records indicated, what was its condition then? Was it melting around the edges 
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in those earlier, warmer centuries as it appears to be melting now in our present 
cooler temperatures? I believe the IPCC 2001 missed an opportunity to show a 
more complex picture of climate variability on the planet by excluding this 
information in 2001. 

Sharing data and computer code 

Dr. Roy Spencer and I created the first satellite-based temperature dataset for 
climate studies in 1990. At present we are working on improvements for the 8*^ 
adjustment to the dataset brought about by the divergence of the most recent two 
satellites. Of the 7 previous changes in methodology, two were discovered by 
other scientists while the other 5 were discovered by us. Satellite instruments 
and data are complicated and affected by processes which no one really 
understands completely. Since we cannot go back in time with better 
instruments, we have to study the ones that were in orbit then and do the best we 
can to understand how confounding influences affect the measurements. 

The computer code we employ consists of 6 complicated programs which at 
times run sequentially on 3 different machines. The raw datafiles are enormous. 
When asked, we have shared with others parts of the computer code that were 
important to understanding how our methodology worked as well as Intermediate 
products which served as a test to check that are methodology was doing what it 
was Intended to do. 
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When asked, we provided Remote Sensing Systems (RSS) a section of our code 
which calculated part of the adjustment for the satellites’ east-west drift as well as 
files with the actual values of the adjustment to be sure that our intention in the 
code and the output matched. They believed our accounting of this particular 
adjustment was Incorrect. Frankly, this was a difficult process from a personal 
standpoint. By sharing this information, we opened ourselves up to exposure of 
a possible problem in the code which we had somehow missed. Or worse, a 
simple disagreement which would lead to arguments about obscure technical 
aspects of the problem might arise for which there was no simple answer. 
However, and more importantly, if there was a problem, we certainly wanted to 
know about it and fix it. 

Not knowing the outcome of their work, I received a request from RSS for 
permission to publish one of the files that we had sent to them. In my formal 
scientific response I wrote, “Oh what the heck” “ I think It would be fine to use 
and critique ... that’s sort of what science is all about.” 

And so it was that in August 2005 RSS published a clear example of an artifact in 
our adjustment procedure which created erroneous values in our tropical 
temperature trend (Mears and Wentz 2005). In Science magazine the following 
November we published information about our now-corrected temperatures and 
expressed our gratitude to RSS for discovering our error (Christy and Spencer 
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2005, below). The UAH dataset is better as a result. RSS has also generated a 
set of satellite temperature products which still differ from ours in some aspects 
and explanations of those differences are being explored and documented In 
soon-to-be published material. 

The NAS report on temperature reconstructions made the point that when 
datasets and methods are fully exposed to independent eyes the results will 
carry more confidence within the scientific community. As best I can tell, this 
practice was not followed In the MBH99 situation, leading to the conflicts of the 
past few years. 

This brings me back to the CCSP and the evaluation of climate model 
projections. It was a requirement In the CCSP that all observational datasets 
used in the report be publicly available in easy-to-access format. Some of us 
thought the same requirement should be applied to the time series of the global 
and tropical averages from the climate model simulations, especially since those 
results had already been published the year before. 

In a curious email debate, those who did not want public access given to the 
climate model averages prevailed. I’ve encountered this asymmetry before in the 
field of climate science In which it has typically been very difficult to obtain 
climate model output In a useful format if at all. Progress has been made with 
the archiving of the “Climate of the 20^ Century” model output at the Dept, of 
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Energy's Lawrence Livermore Laboratory, but the effort required to retrieve 
commonly used climate variables is still almost Herculean. Most Investigators do 
not have the Infrastructure and personnel to spend time acquiring the huge raw 
datafiles and then climb a very steep learning curve to process those files into 
the something useful. 

Further, it appears to me that climate model evaluation to this point has been 
performed mostly by the modelers themselves. It is my view and 
recommendation that policymakers would learn much from independent, hard- 
nosed assessments of these model simulations by those who are not directly 
vested in the outcome. Some of this is going on, but the level of support is 
minimal. 

Science Panel Members - Vested or Non-Vested? 

This leads me to another point regarding the CCSP and the NAS reports. In the 
case of the CCSP report, we as authors were ourselves the builders of the 
datasets or those who directly performed climate model simulations and 
evaluations. The process of selecting words to describe the conclusions sprang 
from those who arguably had strong vested interests. On the other hand, the 
NAS report of surface temperature reconstructions was written by experts In 
climate, but who, as we say in Alabama, did not “have a dog in that fight.” 
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After experiencing both situations in the past year, I prefer the approach of the 
National Academy of Sciences where, in theory, a better chance of producing 
unbiased and more critical statements is likely. 

Global Warming 

That greenhouse gases are Increasing in concentration Is clearly true and 
therefore the radiation budget of the atmosphere will be altered. In response, the 
surface temperature should rise due to this additional forcing. In our 
observational work however, we have not been able to show clear support for the 
manner or magnitude of this response as has been depicted by the present set of 
climate models (Christy, 2002, Christy et al. 2006a, Christy and Norris 2006, 
Christy et al. 2006b). 

For policy makers this is an Important point, as detailed in my testimony last 
week (20 July 2006) before the House Committee on Government Reform. We 
cannot reliably project the trajectory of the climate for large regions within the 
U.S. for example. It would be a far more difficult task to reliably predict the 
effects of a policy that altered by a tiny amount the emissions which act to 
enhance the greenhouse effect. Simply put, we cannot say with any confidence 
to you or to the American tax payer that by adopting policy X we will cause an 
Impact Y on the weather of the climate system. The basic problem is that If 
policy X is similar to those being proposed today, the impact on emissions will be 
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essentially imperceptible and thus the attempt to measure or predict its 
consequence on the climate will be essentially impossible. 

To understand the scale of what we are dealing with the following serves as a 
rough example. We know that we on Earth benefit from 10 terawatts of energy 
production today. To achieve a reduction of the C02 representing 10% (1 
terawatt) of that production we would need 1 ,000 nuclear power plants now (1 
gigawatt each). Massive Implementation of wind and solar does not achieve this 
result and would not provide the baseload power needed by economies today in 
any case. (They of course are worthy of investment if costs are reasonable.) 
Thus, to have a 10% impact on emissions from energy (that is growing at the 
same time) will require a tremendous and difficult and expensive restructuring of 
energy supplies. 

I believe we will slowly decarbonize energy production and eventually this Issue 
will fade away. But that path of decarbonization should be done with care, being 
aware of where we are in human economic development as described below. 

(However, there are other reasons, such as energy security, which may drive the 
nation to a different mix of energy sources for which economic outcomes may be 
more confidently predicted.) 
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Energy Policy 

What I find disturbing in the policy sphere is the demonization of energy and its 
most common by-product, carbon dioxide (C02). It is difficult for me to call C02 
a pollutant when as an atmospheric gas it is the source of life on the planet. The 
long history of C02 decline oyer the last millions of years Is thought to haye been 
leading to a slow staryation of the biosphere because C02 is, simply put, plant 
food. 

But, as importantly, the extra C02 we haye put in the atmosphere represents 
tremendous Improyements in health, longeyity and quality of human life. I 
suspect half of us In this Hearing room would not be here but for the benefits 
wrought by affordable and accessible energy. Energy has deliyered to us longer 
and better llyes. Energy use is not eyil. 

I feel I haye some expertise not common to the ayerage scientist that I belleye is 
important in this whole discussion of energy and climate change. In the 1970’s I 
taught science and math in Africa as a missionary teacher. I saw the energy 
system there. The “energy source” was wood chopped from the forest. The 
“energy transmission” system was the backs of women and girls, hauling the 
wood a U.N.-estimated ayerage of 3 miles each day. The “energy use” system 
was burning the wood in an open fire indoors for heat and light. The 
consequence of that energy system was deforestation and habitat loss while for 
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people it was poor respiratory and eye health. The U.N. estimates 1 .6 million 
women and children die each year from the effects of this indoor smoke. 


Energy demand will grow, as it should, to allow these people to experience the 
advances in health and quality of life that we in the U.S. enjoy. They are far 
more vulnerable to the impacts of poverty, water and air pollution, and political 
strife than whatever the climate does. I simply close with a plea, please 
remember the needs and aspirations of the poorest among us when energy 
policy is made. 
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Christy, J.R. and R.W.Spencer, 2005; Correcting temperature data sets. Science, 310, 972. 

Correcting Temperature Datasets 

We agree with C. Mears and F. J. Wentz (“The effect of diurnal correction on satellite-derived lower 
tropospheric temperature,” 2 Sept., p. 1548; published online 11 Aug.) that our University of Alabama in 
Huntsville (UAH) method of calculating a diurnal correction to our lower tropospheric (LT) temperature 
data (v5.1) introduced a spurious component. We are grateful that they spotted the error and have made the 
necessary adjustments. The new UAH LT trend (v5.2, December 1978 to July 2005) is +0.123 K/decade, or 
+0.035 K/decade warmer than v5.1. This adjustment is within our previously published error margin of ± 
0.05 K/decade (7). 

We agree with S. C. Sherwood et al. (“Radiosonde daytime biases and late-20th century warming,” 2 
Sept., p. 1556; published online 11 Aug.) that there are significant, progressively colder biases in 
stratospheric radiosonde data, as we and others have noted (7, 2). We further agree that many daytime 
radiosondes are plagued by spurious cooling in the troposphere as well (3). However, there are also 
instances in which spurious warming occurs in both day and night soundings. Such a circumstance is not 
properly accommodated by the day-minus-night (DMN) procedure, a possibility mentioned by Sherwood et 
al, but not specifically addressed. For example, when the Australian/New Zealand network, prominent in 
the Southern Hemisphere in Sherwood et aVs Report., switched instrumentation from Mark III to Vaisala 
RS-8q, both day and night warmed approximately 0.4 K [(5, updated], with tropospheric night readings 
warming more than day readings. On the basis of this relative difference, the DMN method assumes that a 
correction for spurious cooling should be applied, when in fact the real error is large and of the opposite 
sign. 

DMN values are useful indicators for pointing out radiosonde changes, but they are often not useful in 
assessing magnitudes and in this case overestimate the trend. Further, the DMN-adjusted tropospheric trend 
for 1958-97 of +0.253 K/decade for the 75% of the globe south of 30‘'N is more than 2.5 times that of the 
surface (+0.092 K/decade) and thus very likely to be spuriously warm. [Note that B. D. Santer et al 
(“Amplification of surface temperature trends and variability in the tropical atmosphere,” Reports, 2 Sept., 
p. 1551; published online 11 Aug.) indicate a ratio less than 1.4.] Direct, site-by-site comparisons between 
radiosondes and UAH LT data at 26 U.S.-controlled stations (nighttime only) from tropics to polar latitudes 
yield a difference in trends of less than 0.03 K/decade, showing consistency with the more modest UAH LT 
trends (7) [(3), updated through 2004]. 
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Mr. Whitfield. Dr. Christy, thank you. We are going to go vote. 
It is now 15 after 3:00 so we will reconvene about 15 till 4:00. Down in 
the basement there is a little snack center and if you go out the main first 
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floor of the Rayburn Building and walk over to Longworth there is a 
wonderful ice cream shop so whatever you decide to do. 

[Recess.] 

Mr. Whitfield. The hearing will reconvene, and we apologize for 
the delay. We are about 35 minutes later than we said. But, Dr. 
Cicerone, you are recognized for your 5 -minute opening statement. 

Dr. Cicerone. Thank you. Chairman Whitfield and members of the 
committee. My name is Ralph Cicerone. I am President of the National 
Academy of Sciences and Chairman of the National Research Council. 
Prior to this year, I was Chancellor of the University of California at 
Irvine where I was Aldrich professor in Earth System Science and also 
professor of chemistry. This afternoon I will summarize the state of 
scientific understanding on climate change very briefly, based on 
findings and recommendations in NAS and NRC reports and in some 
recent refereed publications. Our reports, quite often written with the 
National Academy of Engineering and the Institute of Medicine, go 
through a peer review process and although we are not part of the 
Government, we were chartered by Congress and President Lincoln to 
provide advice on matters of science and technology. 

I would like to first start with how is it that humans can influence the 
climate of an entire planet. The strongest answer is the greenhouse effect 
which is a natural phenomenon. Without the natural greenhouse effect, 
the Earth would be much colder than it is right now. We can test that 
prediction by looking at Mars and Venus, for example. Now humans are 
amplifying the natural greenhouse effect. Just to give you one major, the 
extra energy trapped near the earth’s surface by a variety of greenhouse 
gases is about 2-1/2 watts per square meter now, which is about 100 
times larger than all the energy usage by humans worldwide on the entire 
planet from all sources, fossil fuels, nuclear wind, hypothermal, you 
name it. It is a big number. This is what gives humans leverage to 
influence an entire planetary climate. 

There is no doubt that the Earth is warming. Weather station records 
and ship-based observations show that the global average surface 
temperature in the air has increased by about 1.2 degrees Fahrenheit 
since the beginning of the last century, more than half of the increase 
since 1975. Scientists have also measured upward temperature trends in 
the lower atmosphere and in the upper oceans, and this continuing 
warming has been accompanied by worldwide changes and many other 
indicators, such as decreases in Arctic sea ice thickness and extent, and 
shifts in ecosystems. 

What is the primary evidence for this widely accepted view that 
global warming is occurring, that human beings are responsible at least 
in part for the warming and that the Earth’s climate will continue to 
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change during this current century. There are many lines of evidence. 
Let me summarize them briefly. First, measurements show large 
increases in carbon dioxide and other greenhouse gases, such as methane 
and nitrous oxide, beginning in the middle of the 19^^ Century. These 
increases in greenhouse gases are due to human activities such as 
burning fossil fuel for energy, agricultural and industrial processes, and 
so forth. The concentration of carbon dioxide is now at its highest level 
shown by actual measurements in the last 650,000 years. The record has 
been extended back that far now. 

Second, we understand how carbon dioxide and other greenhouse 
gases physically affect global temperature. Rigorous radioactive transfer 
calculations of the temperature changes due to increasing greenhouse gas 
concentrations, together with reasonable assumptions about climate 
feedbacks provide a physically based mathematically sound explanation 
for the observed warming. 

Third, state-of-the-art mathematical climate models are able to 
reproduce the warming of the past century, but only if human-caused 
greenhouse gases are included. Fourth, and I did not have this in my 
written testimony, but simulations of the stratospheric penetrating 
volcano. Mount Penatubo, in mid- June 1991 were able to show the exact 
timing of the cooling that took place afterwards based on the sulphate 
particles and got the magnitude of the cooling almost right. And these 
were primitive models at the time. Models have improved a great deal 
since. 

Fifth, analysis of high-quality, precise measurements of the sun’s 
total brightness over the past 25 years show little, if any, change in the 
long-term average of solar output over this time period. Thus, changes in 
the sun, the best explanation for a natural explanation cannot explain the 
warming over the past 25 years. 

Six, the oceans have warmed in recent decades and the stratosphere 
has cooled. Land masses north of the tropical region in the Northern 
Hemisphere have warmed even more than the oceans. All of these large 
scale changes, their sizes and patterns are consistent with the predicted 
geographical and temporal pattern of greenhouse surface warming. 

Seventh, ice covered regions of the Earth have experienced 
signiflcant melting. For example, the average annual sea ice extent of 
the Artie has decreased by about 8 percent or nearly a million square 
kilometers over the past 30 years. Sea ice thickness measured, for 
example, by the United States Navy has decreased over the period. 
Measurements from Earth orbiting satellites from synthetic aperture 
radars and from Earth’s gravity sensors over the last few years have 
shown that both Greenland and West Antarctic ice sheets are losing ice. 
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Eighth, several publications in the last 2 years show that hurricane 
intensities have increased in some parts of the world in lock step with sea 
surface temperatures. 

While we are quite certain that the Earth’s surface has heated up 
during the last 30 years, and that it is hotter now than at any time during 
the last 400 years, predicting what will happen to important climate 
variables besides temperature is more difficult. 

As we stated in our 2001 report climate change simulations yield a 
globally averaged surface temperature increase by the end of this century 
of maybe 2-1/2 to 10 degrees Fahrenheit. As I said, temperature is easier 
to predict than other changes such as rainfall, storm patterns, and 
ecosystems, and the prediction of extreme events, which is what 
probably humans and other biological creatures respond to the most are 
very difficult. 

While these future climate changes and their impacts are inherently 
uncertain, they are far from unknown. We can paint useful broad brush 
pictures now of how global warming may affect certain regions of the 
world. For example, these mathematical models generally project more 
warming in continental regions than over the oceans and in polar regions 
rather than near the equator. Precipitation is expected to increase in the 
tropics, decrease in the subtropics, and increase in the midlatitudes. 
Rainfall is expected to increase in monsoon regimes. We can give a lot 
of broad brush predictions like that that are difficult to prove, but that is 
the state of the science now. 

Even if no further increases in the atmospheric concentrations of 
greenhouse gases occur, which would be a difficult to achieve scenario, 
we are very likely to experience additional warming of about 7/10^^^ of a 
degree Fahrenheit in the coming decades. In colder climates such 
warming could bring less severe winters and longer growing seasons if 
soil moisture is adequate. Several studies, quite credible, have projected 
that summertime ice in the Arctic could disappear in this century, the end 
of the century. 

The combined effects of ice melting and sea water expansion from 
ocean warming will likely cause the global average sea level to rise by 
anywhere between 1/10^^ and 9/10^^^ of a meter in this century. So 
coastal communities will experience increased flooding due to seal level 
rise and are likely to experience more severe storms and storm surges. 
And of course increased acidification of the surface ocean due to the 
added carbon dioxide from the atmosphere is occurring. It will continue 
and it will harm marine organisms such as corals and some plankton 
species. 

In summary, there are multiple lines of evidence supporting the 
reality of and human roles in global climate change. I think I will stop 
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there to be as brief as possible. With your permission, Mr. Chairman, I 
have submitted two appendices. 

[The prepared statement of Dr. Ralph J. Cicerone follows:] 
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Prepared Statement of Dr. Ralph J. Cicerone, President, National Academy of 

Sciences 

Good morning, Mr. Chairman and members of the Committee. My name is Ralph 
Cicerone, and I am President of the National Academy of Sciences. Prior to this position, 

I served as Chancellor of the University of California at Irvine, where I also held the 
Daniel G. Aldrich Chair in Earth System Science and was Professor of Chemistry. In 
addition, in 2001 1 chaired the National Research Council committee that wrote the 
report. Climate Change Science: An Analysis of Some Key Questions, at the request of the 
White House. 

This afternoon I will summarize the state of scientific understanding on climate change, 
based on the findings and recommendations in National Academy of Sciences and 
National Research Council reports and in recent refereed scientific publications. 

Although not part of the government, the National Academy of Sciences was chartered in 
1863 to advise the government on matters of science and technology. Our reports, often 
written with the National Academy of Engineering and the Institute of Medicine, are the 
products of a study process that brings together leading scientists, engineers, public 
health officials, and other experts to provide consensus, peer-reviewed advice to the 
nation on scientific and technical questions. 

The greenhouse effect is a natural phenomenon. Without greenhouse gases, the surface 
of the Earth would be about 60°F (33°C) colder than it is today. Now, humans are 
amplifying the greenhouse effect by increasing the concentrations of many greenhouse 
gases (carbon dioxide, methane, nitrous oxide, synthetic chlorofluorocarbons and other 
fluorocarbons, and tropospheric ozone) in the atmosphere. The extra energy trapped near 
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Earth's surface by the human-amplified greenhouse effect is presently about 2.5 Watts per 
square meter, which is about 100 times larger than all human energy usage. 

There is no doubt that the Earth is warming. Weather-station records and ship-hased 
observations show that global average surface air temperature has increased by about 
1.2°F (0.7°C) since the beginning of the 20th century, more than half of it since 1975. 
Scientists have also measured upward temperature trends in the lower atmosphere and in 
the upper oceans, and this continuing warming has been accompanied by worldwide 
changes in many other indicators, such as shifts in ecosystems and decreases in Arctic sea 
ice thickness and extent. 

Last week you heard testimony from Dr. Gerald North, chair of the National Research 
Council committee that examined surface temperature reconstructions for the last 2,000 
years derived from tree rings, boreholes, ice cores, glacier length records, and other types 
of proxy evidence. The committee concluded that the Earth was warmer during the last 
few decades of the 20th century than at any other time during at least the last 400 years, 
and potentially the last several thousand years. These temperature reconstructions 
provide a useful context for evaluating late 20th century warming. However, they are not 
the primary evidence for the widely accepted view that global warming is occurring, that 
human beings are responsible, at least in part, for this warming, and that the Earth’s 
climate will continue to change during the next century. 
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Many additional lines of evidence demonstrate that climate is changing: 

• Measurements show large increases in carbon dioxide and other greenhouse 
gases (methane and nitrous oxide, for example) beginning in the middle of the 19th 
century. These increases in greenhouse gases are due to human activities such as burning 
fossil fuel for energy, industrial processes, and transportation. The concentration of 
carbon dioxide in the atmosphere is now at its highest level in 650,000 years and 
continues to rise. 

• We understand how carbon dioxide and other greenhouse gases affect global 
temperature. Rigorous radiative transfer calculations of the temperature changes 
associated with increasing greenhouse gas concentrations, together with reasonable 
assumptions about climate feedbacks, provide a physically based theoretical explanation 
for the observed warming. 

• State-of-the-art mathematical climate models are able to reproduce the 
warming of the past century only if human-caused greenhouse gases are included. 

• Analysis of high-quality, precise measurements of the Sun’s total brightness 
over the past 25 years shows that there has been little if any change in the long-term 
average of solar output over this time period. Thus, changes in the Sun can not explain 
the wanning observed over the past 25 years. 

• The oceans have wanned in recent decades and the stratosphere has cooled. 
Extratropical land masses in the Northern Hemisphere have warmed even more than the 
oceans. These large-scale changes are consistent with the predicted spatial and temporal 
pattern of greenhouse surface warming. 
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• Ice covered regions of the Earth have experienced significant melting. For 
example, the annual average sea-ice extent in the Artie has decreased by about 8%, or 
nearly one million square kilometers, over the past 30 years. Measurements from Earth- 
orbiting satellites (from synthetic aperture radars and from Earth’s gravity sensors) over 
the last few years have shown that both the Greenland and West Antarctic Ice Sheets are 
losing ice. 

• Several publications in 2005 and 2006 show that hurricane intensities have 
increased in some parts of the world, in lock step with oceanic warming. 

While we are quite certain that the Earth’s surface has warmed rapidly during the last 30 
years and that it is warmer now than at any other time during at least the last 400 years, 
projecting what will happen to important climate variables in the future is more difficult. 
As stated in the 2001 NRC report, “climate change simulations. . . yield a globally 
averaged surface temperature increase by the end of the century of 2.5 to 10.4°F (1.4 to 
5.8°C) relative to 1990.” Since 2001, we have continued to make advances in our 
knowledge of the climate system and in our ability to model it mathematically. Yet, 
pinpointing the magnitude of future climate changes is hindered both by remaining gaps 
in our ability to simulate scientific phenomena, and by the fact that it is difficult to 
predict society s future actions, particularly in the areas of population growth, energy 
consumption, and energy technologies. In general, temperature is easier to predict than 
changes such as rainfall, storm patterns, and ecosystems. 
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While future climate change and its impacts are inherently imcertain, they are far from 
unknown. A broad-brush picture of how global warming may affect certain regions of 
the world is starting to emerge from climate modeling efforts. Models generally project 
more warming in continental regions than over the oceans and in polar regions than near 
the equator. Precipitation is expected to increase in the tropics, decrease in the subtropics, 
and increase in the midlatitudes. Rainfall is also expected to increase in the monsoon 
regimes in South Asia, West Africa, and South America; these changes may create the 
potential for stronger El Nino events. Some models indicate that midlatitude continents 
will likely be drier during the summer in a warmer climate, leading to an increased 
chance for summer drought conditions. 

Even if no further increases in the atmospheric concentrations of greenhouse gases occur, 
we are very likely to experience additional warming of 0.7°F (0.4°C). In colder 
climates, such warming could bring less severe winters and longer growing seasons (if 
soil moisture is adequate). Several studies have projected that summertime ice in the 
Arctic could disappear by A.D. 2100. The combined effects of ice melting and sea water 
expansion from ocean warming will likely cause the global average sea level to rise by 
between 0.1 and 0.9 meters between 1990 and 2100. Those in coastal communities, many 
in developing nations, will experience increased flooding due to sea level rise and are 
likely to experience more severe storms and surges. Increasing acidification of the 
surface ocean (due to added carbon dioxide from the atmosphere) will harm marine 
organisms such as corals and some plankton species. 
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In summary, there are multiple lines of evidence supporting the reality of and human 
roles in global climate change. The task of mitigating and preparing for the impacts of 
climate change will require worldwide collaborative inputs from a wide range of experts, 
including natural scientists, engineers, social scientists, medical scientists, those in 
government at all levels, business leaders and economists. For example, researchers and 
resource managers have only begun to address how climate change will impact future 
demands for electricity and water. Society faces increasing pressure to decide how best 
to respond to climate change and associated global changes, and applied research in 
direct support of decision making is needed. 

Appendixes 

• Joint science academies’ statement: Global response to climate change 

• Understanding and Responding to Climate Change: Highlights of National 
Academies Reports (2005) 
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Mr. Whitfield. Well, thank you so much, and your entire 
statement is part of the record, and we appreciate your being here. Mr. 
McIntyre, you are recognized for 5 minutes. 
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Mr. McIntyre. Thank you. Good afternoon, Mr. Chairman, and 
members of the committee. My name is Stephen McIntyre. I appreciate 
the invitation to appear before you once again. I will recap my testimony 
from last week, referring to the NAS and Wegman reports. The Wegman 
report drew attention to a remarkable lack of independence in data used 
in supposedly independent studies. Some proxies are used in nearly 
every such study. This raises the spectre that problems in one proxy can 
spill over to multiple reconstructions. 

One such problem has already been identified. The NAS panel 
agreed that strip bark bristlecones should be avoided in temperature 
reconstructions but they did not assess the potential impact of this 
conclusion. Last week I showed that this recommendation reversed the 
estimates of medieval modern levels in the Crowley and Lowery 
reconstruction. Here we show the impact of this on the Mann study, 
where the conclusion of 20^^ Century uniqueness does not withstand 
removing the bristlecones. Every reconstruction using bristlecones will 
have to be reconsidered in the light of thee NAS recommendation. 

By coincidence the key bristlecone sites are located in an area 
recently studied by Dr. Christy where he recompiled high altitude 
temperature data. There is actually a slight negative correlation between 
Christy’s temperature data and Mann’s key principal component series. 
You can readily see why the NAS panel said that bristlecones should be 
avoided as a temperature proxy. Further grounds for concern about the 
use of this data comes from fossil trees located well above modem tree 
lines in this area, dated to the Medieval Warm Period. Recent ecological 
niche studies have concluded that the annual minimum temperatures in 
this area were 3.2 degrees Centigrade warmer, that is 6 degrees 
Fahrenheit warmer, than at present. 

Dr. Mann likes to say that any problems do not arise simply, and I 
emphasize simply, from the flawed PC method. If the proxies were 
ideal, such as the synthetic data studied by von Storch and Zorita, the bad 
method may not make a difference. But in such circumstances a simple 
average would also have a hockey stick shape which were not observed 
in the simple average of the Mann proxies. The real problem, and the 
one observed by Wegman, is that the PC method as applied to low 
quality data caused a minor pattern, in this case bristlecones, to be 
exaggerated as a dominant pattern in worldwide climate. 

Notably, Dr. Mann’s testimony does not mention bristlecones but in 
his data, the hockey stick shape is dependent on them. The graph here 
shows in red the contribution to his reconstruction for bristlecones. The 
other colors show the contribution from other classes of proxies. As you 
can see, there is very little information from the other proxies. 
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Dr. Mann has also said that he can get a hockey stick shape in 
another way. There are many ways of processing Mann’ a data set. 
Some result in hockey stick shape series, some do not. Burger and 
Cubasch in 2005 showed a bewildering variety of outcomes based on a 
slight variation in methodology. Sometimes you are told that scientists 
have moved on, and that the criticized methods are no longer used. This 
is not the case. All of Dr. Mann’s more recent work used his disputed 
PCI. Mann’s PCI was used in the prominent article, Osborne and Briffa 
2006, and even occurs illustrated as a temperature proxy in one of the 
NAS illustrations. 

An important control on any statistical study is reporting of adverse 
results. The verification r2 statistic is commonly used in paleoclimate 
studies and was said in the original article to have been considered. 
However, early periods of the reconstruction failed the significance test, 
a fact which was never reported. At the NAS press conference. Dr. 
Bloomfield said that he found nothing unusual about MBH reporting. If 
paleoclimate research practices do not require scientists to disclose 
results adverse to their claims, then this reduces the ability of policy 
makers to rely on these studies. 

Last week I pointed out many problems with data and code access. 
Much relevant Mann data did not become available until 2004, 6 years 
after the original study, and then only after a formal complaint to Nature. 
Mann’s archiving practices are by no means the worse in the community. 
Much of Lonnie Thompson’s data remains unarchived 20 years after it 
was collected. The efforts of your committee led to Dr. Mann disclosing 
a considerable amount of source code. Unfortunately, the source code 
does not operate with the data as archived and it does not include code 
for important steps such as the calculation of confidence intervals or PC 
retention rules. 

Wahl and Ammann have been described as independent studies but 
they are co-authors and collaborators with Dr. Mann and their efforts, 
whatever their merit, can hardly be described as independent. To the 
credit of Wahl and Ammann, they have archived their code for their 
study following a practice that we followed. Their code reconciles to 
ours and any differences between the studies do not arise from differing 
arithmetic. 

The interest of this committee in reconstruction seems to have been 
prompted in part when Dr. Mann was quoted by the Wall Street Journal 
as saying that he would “not be intimidated into disclosing his 
algorithm.” Such attitudes are inconsistent with the requirement of 
policy makers if they are to rely on such studies. If you are to rely on 
paleoclimate studies you should be concerned about disclosure, data 
access, and replication because, first, peer review at journals is very 
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limited and does not constitute sufficient due diligence for policy 
reliance. 

Second, IPCC does not carry out independent testing or verification. 
Third, to enable and facilitate independent testing, paleoclimate research 
needs to achieve dramatically improved standards for archiving data and 
code. Fourth, because much of the work is funded by the U.S. Federal 
government, improved administrative practices by NSF and DOE could 
make a direct and immediate impact and improvement. Thank you. 

[The prepared statement of Stephen McIntyre follows:] 

Prepared Statement of Stephen McIntyre, Toronto, Ontario, Canada 

SUMMARY 

1 . little reliance can be placed on the original MBH reconstruction, 
various efforts to salvage it or similar multiproxy studies, even ones 
which do not use Mann’s principal components methodology; 

2. peer review as practiced by academic journals is insufficient due 
diligence for policy reliance. IPCC reports are only a literature review 
rather than independent due diligence. 

3. to enable and facilitate independent testing, paleoclimate research 
practices need to achieve dramatically improved standards for 
archiving data and code. 

4. administrative policies governing work directly funded by the U.S. 
government can make a direct and immediate difference. 


Good morning, Mr Chairman and members of the Committee. 

My name is Stephen Meintyre. I appreeiate the invitation to appear before you onee 
again. I will reeapitulate my testimony from last week, making further referenee to the 
NAS and Wegman reports. 

The Wegman report drew attention to a remarkable laek of independenee in the 
proxies used in supposedly “independent” studies. Some sites are used in nearly every 
study. This raises the speetre that problems with one proxy ean spill over to multiple 
studies. One sueh situation has already been identified. The NAS panel agreed that strip- 
bark bristleeones should be “avoided in temperature reeonstruetions”. Last week, we 
showed that this reversed medieval-modem levels in the Crowley and Lowery 2000 
reeonstmetion. Figure 1 below shows the impaet on MBH, where eonelusions of 20^^ 
eentury uniqueness do not withstand removing the bristleeones. Wegman showed that 
bristleeones were used in multiple studies and eaeh one will have to be reeonsidered in 
light of the NAS reeommendation. 
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Figure 1. MBH99 reconstruction and estimate of MBH99-type reconstruction without 
bristlecones. 20-year gaussian smooth. 

By coincidence, the key bristlecone and foxtail proxies that establish the pattern in 
Mann’s critical PC series are located in almost the exact area studied by Christy, as 
shown in the location map on the left. As you see, there is little correlation on either a 
smoothed or unsmoothed basis - actually a slight negative correlation - between 
temperature and Mann’s PCI. You can readily see why the NAS panel said that this data 
should be avoided as a temperature proxy. 



Figure 2. Left - location of foxtail and bristlecone sites in the Sierra Nevada and White 
Mountains. Right - Black - annual mean of maximum and minimum temperatures (data, 
Christy, pers. comm.); red - MBH98 NOAMER PCI. 


Further grounds for concern about using Mann’s PCI as a temperature proxy comes 
from the evidence of fossil trees well above modern tree lines, dated to the Medieval 
Warm Period. Millar et al. 2006 concluded that annual minimum temperatures in this 
area were then significantly warmer (+3.2 °C) than at present. 
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Figure 3. A dead trunk above current treeline from a foxtail pine that lived about 1000 
years ago near Bighorn Plateau in Sequoia National Park. 

Dr Mann likes to say that any problems do not arise simply from the flawed PC 
method. However, it’s not true that the flawed PC method has nothing to do with the 
problems. A simple average of Mann’s proxies does not yield a hoekey stiek shaped 
series, as shown in Figure 4 below. If you have proxies of ideal quality, even a bad PC 
method ean yield meaningful results - whieh is what von Storeh and Zorita observed, 
using idealized data generated in a elimate model. However, the problem is that Mann’s 
PC method was applied to low-quality data, where the flawed method eaused a minor 
pattern in bristleeones to be exaggerated as a “dominant pattern” in worldwide elimate. 
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Figure 4. Left: Top - Average of all 415 MBH proxies; bottom - MBH reconstruction. 
Both in standard deviation units. 

In the MBH data set, the hoekey stiek shape is dependent on the bristleeones. All the 
statistieal salvage jobs Dr. Mann eites are variations on sehemes to load the final weight 
on the very data the NAS panel said should not be used. 
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Figure 5. Top - Contribution (deg C) of proxy groups (proxy type x continent e.g. Asian 
tree rings; South American ice cores) to the MBH reconstruction, with bristlecones and 
foxtails in red. Bottom - Same series in standard deviation units. The bristlecone 
contribution closely matches the final MBH reconstruction. 

There are many ways of proeessing the MBH data - some result in hoekey-stiek 
shaped series; some do not. Burger and Cubaseh 2005 showed a bewildering variety of 
outeomes based on slight variations in MBH methodology. 



Figure 6: Different MBH-type results from slight methodological differences from 
Burger and Cubaseh [2005] SI Figure 1. 

Sometimes you’re told that seientists have “moved on” and that the methods 
eritieized by Wegman and the NAS panel are no longer used. However, this is not the 
ease. Rutherford et ah, eoauthored by Dr Mann and published in late 2005, used the 
identieal PC method as the 1998 paper. 
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Although 415 individual proxy series were used, data reduetion by using 
leading PCs of tree-ring networks results in a smaller set of 112 indieators in 
the multiproxy-PC network available baek to 1820 (Fig. la), with a deereasing 
number of indieators available progressively further baek in time. Twenty-two 
of the indieators (representing 95 individual proxy series) extend baek to at 
least A.D. 1400. 

Mann’s PCI was also used in Osborn and Briffa 2006. And despite eritieisms of the 
PC methodology by the NAS panel, they themselves used it, perhaps inadvertently, in 
one of their illustrations as a temperature proxy - see the top panel of Figure 6 of the 
NAS report. 

An important eontrol on any statistieal study is reporting of adverse results. The 
verifieation r^ statistie is eommonly used in paleoelimate studies and was said to have 
been eonsidered in MBH98. However, its early periods had insignifieant values of this 
statistie, a faet that was never reported. At the NAS press eonferenee. Dr Bloomfield said 
that he found nothing unusual about reporting of results in MBH. If paleoelimate researeh 
praetiees do not require seientists to diselose results adverse to their elaims, then this 
reduees the ability of poliey-makers to rely on these studies. 

Table IS Pearsou's r ' and CE Scores for MBH Reconstruction Emulations 


Proxy Network 

NH :^Ieau " 

NH Me^n " 

NH Mean CE 

MBH - periods 

C ^libr atiou- p eri od 

rific a tio n -per io d 

Verificat iou-per io d 

1400-1449 

0414 

0.018 

-0.215 

1450-1499 

0483 

0.010 

-0.314 

1500-1599 

0.487 

0.006 

-0.253 

1600-1699 

0643 

0.004 

-0.259 

1700-1729 

0688 

0.00003 

-0.161 

1730-1749 

0691 

0.013 

-0.063 

1750-1759 

0 714 

0.156 

0.077 

1760-1779 

0.734 

0.050 

-0.070 

1780-1799 

0.750 

0.122 

0040 

1800-1819 

0.752 

0.154 

0069 

1820-1980 

0.759 

0.189 

0 103 


Souree: Wahl and Ammann 2006. 

Last week, we pointed out many problems with data and eode aeeess in 
paleoelimate. In the MBH ease, mueh relevant data did not beeome available until the 
2004 eorrigendum, 6 years after the original study, and only then after a formal eomplaint 
to Nature. The efforts of your eommittee led to Dr Mann diselosing a eonsiderable 
amount of souree eode. Unfortunately, as Dr Wegman reported to you, the souree eode 
does not work with any data sets presently arehived and is inoperable. It also does not 
inelude eode for some important steps, sueh as MBH99 eonfidenee intervals or PC 
retention rules, whieh neither ourselves nor Wahl and Ammann have been able to 
replieate. Sinee Wahl and Ammann are reeent eoauthors and eollaborators with Mann, 
their efforts hardly ean be deseribed as “independent” replieation. 

Dr Mann and his assoeiates are by no means the worst in the paleoelimate field in 
arehiving data. It is undoubtedly frustrating for Dr Mann to be the eenter of attention 
when many of his eolleagues are mueh worse. For example, despite over 2 years of effort, 
I have been unsueeessful in learning what sites were used in one of three paleoelimate 
studies illustrated in the IPCC Third Assessment Report (Briffa et al 2001). These sites 
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were reeently been used by Mann and eoauthors, who have also failed to even diselose 
the loeation of the sites. 

The reason why data aeeess and replieation should be of eoneem to you is that: 

(1) peer review at journals is very limited and does not eonstitute suffieient due 
diligenee for poliey relianee; 

(2) IPCC does not earry out due diligenee on artieles. 

(3) In order to properly assess a study, it needs to be replieated. Plaeing obstaeles 
in the way of aeeess to data and eode makes this either impossible or simply 
impraetieal for people with less than infinite patienee. 

(4) Beeause mueh of the work is funded by the U.S. federal government, there are 
direet and praetieal steps that ean be taken with NSF and DOE that would have 
an immediate impaet in improving the quality of due diligenee in this field. 


Presentation to the 
Subcommittee on Oversight and 
Investigations of the 
House Energy and Commerce 
Committee. 


Stephen McIntyre 

Toronto Ontario 
Washington DC, July 19, 2006. 
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NAS Panel Recommendation on 
Bristlecones Affects MBH 



Figure 1. MBH99 reconstruction and estimate of 
MBH99-type reconstruction without bristiecones. 
20-year gaussian smooth. 


2 


Up-to-date temperature data from Sierra 
Nevadas shows no correlation of key MBH 
PC indicator to temperature 



1400 1500 1600 1700 1800 1900 2000 1920 1960 2000 


Left - location of foxtail and bristlecone sites in the Sierra Nevada and 
White Mountains, California. Sheep Mountain is denoted SHP. Right - 
Black - annual mean of maximum and minimum temperatures (data, 
Christy, pers. comm.); red - MBH98 NOAMER PCI. 
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MWP annual minimum temperature in the 
California Sierra Nevadas estimated to be 
+3.2 °C warmer than at present 



Left: A dead trunk above current 
treeline from a foxtail pine that lived 
about 1000 years ago near Bighorn 
Plateau in Sequoia National Park. 


PCs matter: a simple average of MBH 
proxies does not yield a hockey stick 
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Top: average of MBH proxies. Bottom: result of MBH method. 
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MBH Methods enhance weighting of 
bristiecones - a proxy rejected by NAS 
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Top - Contribution (deg C) of 10 proxy groups (proxy type x eontinent e.g. 
Asian tree rings; South Ameriean iee eores) to the MBH reeonstruetion, 
with bristleeones/foxtails in red. The bristleeone eontribution elosely 
matehes the final MBH reeonstruetion. 

Bottorffi- Same series in standard deviation units. 


New research in late 2005 showed 
• • • that a bewildering variety of resuits 
can be obtained from MBH proxies. 



1600 1700 1800 1900 


time [y] 

Source: Burger and Cubasch SI Figure 1 
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Moving On?: Precisely the same PC 
series were used late last year in 
Rutherford et al 2005 

“Although 415 individual proxy series were 
used, data reduction by using leading PCs of 
tree-ring networks results in a smaller set of 
112 indicators in the multiproxy-PC network 
available back to 1820 (Fig. la), with a 
decreasing number of indicators available 
progressively further back in time. Twenty-two 
of the indicators (representing 95 individual 
proxy series) extend back to at least A.D. 

1400.” 
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MBH Results Failed Verification r^ Test 

T^ible IS r ‘ and CE Scores foi MBH Recou^frnction EmuLitiou^ 


Proxy Xthvoik 
MBti - peiiod^ 

NH 

Calibrntiou-p«nod 

Witfication-pfiiort 

XH yUm CE 

\erification-i3^riod 

1400-1449 

0.414 

0.018 

-0.215 

1450-1499 

0.483 

0.010 

-0J14 

1500-1599 

0.487 

0.006 

-0.253 

1600-1699 

0.643 

0.004 

-0.259 

1700-1729 

0.688 

0.00003 

-0.161 

1730-1749 

0.691 

0.013 

-0.063 

1750-1759 

0.714 

0 156 

0.077 

I-- 

r- 

0.734 

0050 

-0.070 

17804799 

0.750 

0.122 

0.040 

1800-1819 

0.752 

0 154 

0.069 

1820-1980 

0.759 

0.189 

0.103 
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Source: Wahl and Ammann 2006 
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Replication Problems Persist 

o MBH source code provided to Committee does 
not work with any data sets presently archived 
and is inoperable. 

o code for some important steps, such as MBH99 
confidence intervals or the application of 
Preisendorfer’s Rule N, was not provided 
o Other authors are even worse: identity of sites 
in Briffa et al 2001 (also used in Rutherford et al 
2005) remain unreported and unavailable 


You can make a difference ... 

o peer review at journals is very limited and is 
insufficient due diligence for policy reliance; 
o IPCC does not carry out due diligence on articles; 
o to enable and facilitate independent testing, 
paleoclimate research practices need to achieve 
dramatically improved standards for archiving data 
and code; 

o Because much of the work is funded by the U.S. 
federal government, administrative changes at NSF 
and DOE would have an immediate impact on 
paleoclimate due diligence. 


11 
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Sir John Houghton at press conference releasing IPCC Third 
Assessment Report. 

12 


Mr. Whitfield. Thank you. Dr. Gulledge, you are recognized for 5 
minutes. 

Dr. Gulledge. Thank you, Mr. Chairman, Ranking Member, and 
members of the committee. I am Jay Gulledge. I am a Senior Research 
Fellow with the Pew Center on Global Climate Change, and an Adjunct 
Assistant Professor at the University of Louisville, where I conduct 
research on the carbon cycling. I just want to try to provide a little bit of 
context here today. I am not a paleoclimatologist or a statistician, but I 
am a professional scientist observing— I am a generalistic climate change 
scientist through my duties at the Pew Center on Global Climate Change. 

[Slide] 

Next slide, please. I just want to reiterate, now Dr. Cicerone 
mentioned most of these things, but this is not about the fundamentals of 
climate change science and the hockey stick reconstruction is not a 
foundation. Chain activities are increasing greenhouse gases. The Earth 
is warming. These are unequivocal facts. The warming over the past 5 
decades has been attributed through sound science to human activities 
associated with greenhouse gases. The effects of warming are being seen 
today all over the globe, and this warming is going to continue for a long 
time even if we stabilize greenhouse gases in the atmosphere today. 
Next slide. 

[Slide] 
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Now the main points I want to make today, the so-called hockey 
stick controversy is not a scientific construct. The controversy is in 
science and that is because debate is normal in science and people re- 
examine each other’s methods and so forth. This is not controversial. It 
is just not controversial in science. The criticisms of the hockey stick 
scientifically speaking do not undermine the climate, the science of 
climate change. It is just not central to our understanding of it. 

The results of the hockey stick actually represent a gradual 
development in the understanding in the paleoclimate community of past 
climate, not any kind of step change in the understanding. This is readily 
demonstrated from the scientific literature over the past 20 years. And in 
my opinion climate change assessments are working well under the 
supervision of climatologists. 

[Slide] 

The next slide, I just want to point out the bottom quote here from 
the NAS report that says the surface temperature reconstructions I have 
included such as the hockey stick are consistent with other evidence of 
global climate change and can be considered, and this is the operational 
phrase here, my point, as additional supporting evidence. It is not central 
to climate science. Next slide. 

[Slide] 

This is the hockey stick as presented in the 2001 IPCC. It is a 
reconstruction of the average northern hemispheric temperature over the 
last thousand years. Next slide. 

[Slide] 

And the main conclusions as you have heard over and over again the 
20^^ Century is the warmest in the past thousand years. The 1990s were 
the warmest decade, and even 1998 being the warmest year as 
represented by the blade of the hockey stick here. Next slide. 

[Slide] 

Now the criticisms that have been discussed in this hearing as 
leveled by McIntyre and McKitrick have to do with statistical 
methodology and whether they were applied properly, inappropriate use 
of data, and a general complaint that this has resulted in an incorrect 
elimination of the Medieval Warm Period which would show where the 
red oval is here. Next slide. 

[Slide] 

Now as a result of these criticisms this committee has asked Mr. 
Wegman to produce a report along with his colleagues to examine these 
criticisms. And the primary objective of this report, as quoted from the 
report, is to “reproduce the results of McIntyre-McKitrick nor to 
determine whether the criticisms were valid and have merit.” I put in red 
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the last phrase. I think this has not been accomplished by the Wegman 
report at all, and I will illustrate why. Next slide. 

[Slide] 

It just seems reasonable that you got to look at what has happened 
since this because you are trying to find out the reliability of the science 
here. Second, Mann’s claims that McIntyre and McKitrick didn’t apply 
his method correctly are not addressed in the Wegman report at all but 
they certainly are germane. If those criticisms are being used to question 
the work then that has to be examined. Corroborating evidence wasn’t 
looked at. That was the strength of the NAS report, I would say. And 
finally in red here a very important report with regard to the questions of 
this committee was really overlooked by this report showing up only in a 
footnote on a later page or on a middle page. 

But this thing, this study by Wahl and Ammann from the National 
Center of Atmospheric Research, actually looked at all the main 
criticisms of the McIntyre-McKitrick papers, and whether they are 
correct or not, this should have been examined by any investigation 
wanting to look into the merits of the McIntyre-McKitrick criticisms. 
Next slide. 

[Slide] 

Now what they are showing is that they are able to reproduce 
extremely closely the original Mann 1998 hockey stick. Here in gray is 
the original Mann result, and if you can’t see it it is because it is under 
the red line, which is their emulation. They did this writing their own 
code in the R programming language, and they made a very faithful 
reproduction. Next. 

[Slide] 

Now using their reproduction they then tested whether or not the 
McIntyre-McKitrick criticisms had an effect on the result of the 
reconstruction. In this figure they have corrected for the de-centering 
problem prior to the PC analysis, and also they removed the gaspe tree 
ring series that was questioned by McIntyre and McKitrick. And the 
result is the only change that occurred that has any significance is in the 
14^^ Century. You see the red line is their emulation of Mann and the 
blue, which is sticking up a little bit on the very left hand of the graph, is 
the effect of the corrections. 

Now this really just doesn’t change— and these green and magenta 
are the 95 percent confidence intervals. This really just doesn’t change 
the picture of the 20^^ Century being unique. Now it does leave the 
impression that perhaps there is a trajectory of warming as you move 
back in time. Maybe that continues to go up and the Medieval Warm 
Period, which isn’t even shown here, maybe got warm. Next slide, 
please. 
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[Slide] 

I asked Dr. Ammann yesterday whether or not he had used these 
corrections and taken them back in time. He said that he had, that he has 
a paper that is submitted for review on this, and I want to make clear that 
this hasn’t been peer reviewed yet. It is the same correction applied to 
the data going back a thousand years, and this is the result. The blue line 
is the emulation of Mann 1999. The red line is the result. And in fact it 
does not continue to go up. And this is going to be my last slide so don’t 
be concerned. There are a lot more slides in your handout. I want to 
point out here that if you look at the medieval times here which would be 
the first couple of frames from the left in that graph it is warmer than 
what you see to the right of that. There is a Medieval Warm Period on 
this graph. It is just weak, and that is completely consistent with the 
scientific examination of paleoclimate over the last 20 years. There has 
been a consistent trajectory and this is completely consistent with that. 
Thank you. 

[The prepared statement of Dr. Jay Gulledge follows:] 

Prepared Statement of Dr. Jay Gulledge, Senior Research Fellow, Pew Center 
ON Global Climate Change 

Mr. Chairman, Ranking Member, and Members of the Committee: 

Thank you for the opportunity to speak today. I am Jay Gulledge, Ph.D., Senior 
Researeh Fellow for Seienee and Impaets at the Pew Center on Global Climate Change. I 
am also an Adjunet Assistant Professor at the University of Louisville, whieh houses my 
aeademie researeh program on earbon eyeling. 

The Pew Center on Global Climate Change is a non-profit, non-partisan and 
independent organization dedieated to providing eredible information, straight answers 
and innovative solutions in the effort to address global elimate ehange. In our eight years 
of existenee, we have published almost seventy reports by experts in elimate seienee, 
eeonomies, poliey and solutions, all of whieh have been peer-reviewed and reviewed as 
well by the eompanies with whieh we work. 

Forty-one major eompanies sit on the Pew Center’s Business Environmental 
Leadership Couneil, spanning a range of seetors, ineluding oil and gas (BP, Shell), 
transportation (Boeing, Toyota), utilities (PG&E, Duke Energy, Entergy), high 
teehnology (IBM, Intel, HP), diversified manufaeturing (GE, United Teehnologies), and 
ehemieals (DuPont, Rohm and Haas). Colleetively, the 41 eompanies represent two 
trillion dollars in market eapitalization and three million employees. The members of the 
Couneil work with the Pew Center to edueate the publie on the risks, ehallenges and 
solutions to elimate ehange. 

If you take nothing else from my testimony, please take these three points: 

1 . The seientifie evidenee of signifieant human influenee on elimate is strong and 
would in no way be weakened if there were no Mann hoekey stiek. 

2. The seientifie debate over the Medieval Warm Period (MWP) has been gradually 
evolving for at least 20 years. The results of the Mann hoekey stiek simply refleet the 
gradual development of thought on the issue over time. 

3. The impaet of the Meintyre and MeKitriek eritique on the original Mann paper, 
after being serutinized by the National Aeademy of Seienee, the Wegman panel and a 
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number of meticulous individual research groups, is essentially nil with regard to the 
conclusions of the Mann paper and the 2001 IPCC assessment. 

The science of climate change is an extraordinary example of a theory-driven, data- 
rich scientific paradigm, the likes of which, arguably, has not occurred since the 
development of quantum mechanics in the first half of the twentieth century. The product 
of this strong scientific framework is a body of strong, multifaceted evidence that man- 
made greenhouse gases are causing contemporary global warming, and that this warming 
trend is inducing large-scale changes in global climate. The primary evidence is based on 
physical principles and observational and experimental analysis of contemporary climate 
dynamics, as opposed to analyses of past climates, which are the subject of this hearing. 
We can now say with confidence that the evidence of human influence on climate is 
strong, as described by Dr. Cicerone. 

Although paleoclimatology - the study of ancient climates - is an important part of 
the climate science frame work, reconstructions of temperature over the past millennium 
play a secondary, expendable role in the larger body of evidence, as stated in the recent 
NAS report titled. Surface Temperature Reconstructions for the Last 2,000 Years: 
“Surface temperature reconstructions are consistent with other evidence of global 
climate change and can be considered as additional supporting evidence” (National 
Research Council 2006, p. 23; hereafter referred to as the NAS report). Dispensing with 
such reconstructions entirely or proving them fundamentally flawed would have little, if 
any, impact on our understanding of contemporary climate change. This statement does 
not imply that millennial climate reconstructions are unimportant, but their main 
influence will be in the future, when their potential to reveal how climate varied across 
the earth’s surface from year-to-year in the past (i.e. an annual record of spatially explicit 
climate dynamics) is fully realized. At that point, such reconstructions will be used in a 
manner parallel to thermometer records today. This capability would contribute 
significantly to resolving the current genuine debate in climate science, which is not 
about whether humans are changing the climate — a point over which there is no scientific 
controversy — ^but is about how much human influences will change the climate in the 
future as a result of greenhouse gas accumulation and other forcings we apply to the 
climate system. In other words, the goal of spatially explicit paleoclimate reconstructions 
is to help climatologists determine how physical forcings, such as solar radiation, 
volcanic eruptions, land-use changes, and changes in atmospheric greenhouse gases, have 
affected the planet in the past, so that we can improve estimates of how they will do so in 
the future. 

The early MBH reconstructions (Mann et al. 1998; Mann et al. 1999; hereafter 
referred to as MBH98 or MBH99 or, collectively, MBH) were the first to offer spatially 
explicit climate reconstructions and therefore represented a breakthrough in climate 
change science that continues to develop and promises to further our understanding of 
climate physics in the future. The Wegman report’s conclusion that paleoclimatology 
“does not provide insight and understanding of the physical mechanisms of climate 
change” (p. 52), fails to appreciate that the purpose of Dr. Mann’s research is to improve 
our knowledge of physical mechanisms of climate change by examining how they 
operated in the past. 

Turning our attention to the methodological issues this hearing seeks to investigate, 
in my opinion, the Wegman report failed to accomplish its primary objective, which was 
“to reproduce the results of [McIntyre & McKitrick] in order to determine whether 
their criticisms are valid and have merit” (p. 7). Although the panel reproduced MM's 
work — verbatim — it only partially assessed the validity, and did not at all assess the 
merits, of the criticisms directed toward the MBH reconstructions. For instance, MM 
(McIntyre and McKitrick 2003; McIntyre and McKitrick 2005; heafter referred to 
collectively as MM) allege that the so-called MBH “hockey stick” result is biased by 
methodological errors that undermine the conclusion that the late 20^^ century was 
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uniquely warm relative to the past 1000 years. This eritique only has merit if, after 
eorreeting for the errors pointed out by MM, the resulting reeonstruetion yields results 
signifieantly different from the original result that ean no longer support the elaim of 
unusual late 20^^ eentury warmth. However, the Wegman Report takes no steps to make 
sueh a determination. 

Fortunately, a different group, one well qualified both statistieally and 
elimatologieally to taekle this question of merit, had already performed the task several 
months before the Wegman Report was released. The study by Wahl & Ammann (In 
press; hereafter referred to as WA06), was peer-reviewed and aeeepted for publieation in 
the journal. Climatic Change, early last spring, and has been publiely available in 
aeeepted form sinee last Mareh (http://www.egd.uear.edu/eer/ammann/millennium/refs/ 
WahlAmmann_ClimChange2006.html). This study, titled. Robustness of the Mann, 
Bradley, Hughes Reconstruction of Northern Hemisphere Surface Temperatures: 
Examination of Criticisms Based on the Nature and Processing of Proxy Climate 
Evidence, eare fully reproduced the MBH98 reeonstruetion and then used their faithful 
reproduction to test MM’s suggested corrections. They tested each of the criticisms raised 
by MM in all of their published papers, including both the peer-reviewed and non-peer- 
reviewed papers. Given that this report specifically examined MM’s criticisms, including 
the decentering issue that was the main focus of the Wegman report, it is unfortunate that 
the Wegman report dismissed it in a footnote (p. 48) as “not to the point.” 

WA06 have performed a meticulous and thorough evaluation of MBH98, and the 
answers that this committee seeks about the MBH reconstructions are to be found within 
this report. After examining each of MM’s three methodological criticisms, WA06 
accepted two of them as valid, and have used them to correct the MBH98 reconstruction. 
I will now show you what effect these corrections have on the MBH98 reconstruction, 
and then reconsider the uniqueness of the late 20^^-century warming trend in the light of 
these corrections. 



Fig. 1. WA06 reproduction of MBH98 reconstruction. The gray line is the original MBH98 
reconstruction. The red line is the WA06 emulation. The black line is the original 1992 instrumental 
data used for calibration. The blus line is the latest instrumental data. The black bar with triangles 
represents the mean of the instrumental mean of the verification period. 


The original MBH98 “hockey stick” is shown as a gray line (Fig. 1). The WA06 
reproduction of MBH98 is shown in red (Fig. 1). Except for a couple of minor 
simplifications, WA06 remained faithful to the original MBH method and retained all of 
the original MBH data, including the original instrumental temperature series from 1992. 
They wrote their own computer code to perform the calculations, using the R 
programming language, as recommended by the MM and the Wegman report, rather than 
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the original Fortran language used by Dr. Mann. As you ean see, the two reeonstruetions 
are materially the same. This result demonstrates that MBH98 ean be reprodueed based 
on information available in the original MBH papers and supplemental information and 
data available on the Internet. 



1400 1600 1800 2000 1600 1800 2000 


Year Year 

Fig. 2. WA06 corrections of MBH98 for accepted MM corrections. The left frame shows original WA06 emulation 
of MBH in red and the corrected reconstruction accounting for decentering and excluding the Gaspe tree-ring 
series in blue. The right frame shows the same but with the bristle cone pine series removed (green line). 
Instrumental data are shown in black. 


With this successful reproduction in hand, WA06 were able to test the effects of 
each of MM’s criticisms on the outcome of the MBH98 reconstruction. After carefully 
considering the validity of MM’s three criticisms of MBH’ s reconstruction methodology, 
WA06 agreed that 1) decentering the proxy data prior to Principle Component analysis 
and 2) including the poorly replicated North American Gaspe tree-ring series from 1400- 
1449 both affected the MBH results. After correcting for these effects, WA06 obtained 
the results shown in blue (Fig. 2, left frame). The result is a slightly warmer (0.1 °C) 
early 15^^ century, with no other time period affected. MM’s third methodological 
criticism surrounding the inclusion of the bristlecone/foxtail pine series was rejected for 
several reasons. The right frame in Fig. 2 illustrates that excluding these series has little 
effect on the MBH98 reconstruction, except to force it to begin in 1450 instead of 1400, 
because of lack of a data. Since the exclusion had little effect, and losing these data series 
would hinder reconstructions of earlier climate, WA06 rejected this criticism. 
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Fig. 3. Wahl-Ammann corrections of the MBH99 reconstruction (Ammann & Wahl, submitted). The original 
MBH99 reconstruction is shown in blue and the corrected WA version is shown in red. Corrections were made 
for the decentering issue and the Gaspe tree-ring series. Instrumental data are in black. 


The additional 15^^-century warmth revealed by making the valid MM eorreetions 
still does not approaeh the warmth of the late 20^^ eentury, so MM’s eritique eannot yet 
be said to have merit. However, the eorreeted result ereates the impression of an upward 
temperature trend baekward in time before 1400, begging the question of what would 
happen to the Middle Ages in the 1000-year MBH99 reeonstruetion if it were also 
eorreeted? Answering that question is requisite for determining the merit of MM’s 
eritique of MBH. The original 1000-year MBH99 reeonstruetion is shown in blue and the 
eorreeted version is shown in red (Fig. 3; Ammann & Wahl, submitted). Carrying the 
eorreetion baek to the full millennium reveals that the largest effeets remain in the early 
15^^ eentury, and both earlier and later periods were less affeeted. Therefore, there is very 
little differenee between the eorreeted MBH98 and MBH99 reeonstruetions and the 
originals, and the original observation that the late 20^^ eentury is uniquely warm in the 
eontext of the past 1000 years is not affeeted. Henee, the valid methodologieal eaveats 
that MM pointed out do not undermine the main eonelusions of the original MBH papers 
or the eonelusion of the 2001 IPCC assessment. 

The seientifie debate over the Medieval Warming Period (MWP) has been on the 
same trajeetory for at least 20 years, with early indieations that the MWP was not a 
globally eoherent event beeoming more solid over time. The MBH99 reeonstruetion 
represented an evolutionary step — not a revolutionary ehange — in this established 
trajeetory. The 1990 IPCC figure that Mr. Meintyre, the Wall Street Journal editorial 
page, and Dr. Wegman have used in their own assessment of past elimate is a eartoon, as 
stated by Dr. Wegman in his testimony last week. I have eonfirmed this with a number of 
individuals who were involved with the 1990 IPCC report or with versions of the 
sehematie that pre-dated the 1990 IPCC report. The sehematie is not a plot of data and is 
inappropriate as a eomparison to MBH. The text of the 1990 IPCC report elearly states 
that the figure is a "sehematie diagram" and that “it is still not elear whether all the 
fluetuations indieated were truly global” (p. 202). Furthermore, only three sourees of 
information were eited and those sourees eonflieted on whether the Northern Hemisphere 
was warm or eold: “The late tenth to early thirteenth centuries... appear to have 
been exceptionally warm in parts of western Europe, Iceland and Greenland... 
China was, however, cold at this time, but South Japan was warm...” Clearly, this 
report eertainly did not paint a pieture of any eonsensus regarding a Medieval Warm 



701 


Period as a hemisphere-wide phenomenon and eharaeterizing it as sueh reveals a 
fundamental misunderstanding of elimate seienee. 

The 1992 and 1995 IPCC reports eontinued this same trajeetory of thought. Four 
years before MBH99, eiting 6 papers — still a very limited number by twiee as many as 
were eited in 1990 — the 1995 report stated: 

There are, for this last millennium, two periods whieh have reeeived speeial 
attention, the Medieval Warm Period and the Little lee Age. These have been 
interpreted, at times, as period of global warmth and eoolness, respeetively. 
Reeent studies have re-evaluated the interval eommonly known as the Medieval 
Warm Period to assess the magnitude and geographieal extent of any prolonged 
warm interval between the 9^^ and 14^^ eenturies... The available evidenee is 
limited (geographieally) and is equivoeal. ...a elearer pieture may emerge as 
more and better ealibrated proxy reeords are produeed. However, at this point, 
it is not yet possible to say whether, at a hemispherie seale, temperatures 
deelined from the ll-12th to the 16- 17th eentury. Nor, therefore, is it possible 
to eonelude that the global temperatures in the Medieval Warm Period were 
eomparable to the warm deeades of the late 20th eentury” (p. 174). 

Remember that this was written by a team of elimatologists as a eonsensus statement. 
The eonsensus at this time, as in 1990, was that there was no strong evidenee of a 
hemisphere -wide MWP. 

Continuing the same trajeetory, the 2001 IPCC Third Assessment Report examined 
evidenee from 10 eited sourees for the MWP. The eonsensus at this point seemed to be 
turning to the eonelusion that the there aetually was a generally warm Northern 
Hemisphere during the Middle Ages, but that it was not a strong, eoherent pattern of 
warming: 

It is likely that temperatures were relatively warm in the Northern Hemisphere 
as a whole during the earlier eenturies of the millennium, but it is mueh less 
likely that a globally-synehronous, well defined interval of “Medieval warmth” 
existed, eomparable to the near global warmth of the late 20th eentury... 
Marked warmth seems to have been eonfined to Europe and regions 
neighboring the North Atlantie. 

Sinee the MBH reeonstruetions were hemisphere-wide, and the MWP probably was not, 
it should not surprise us that the reeonstruetions laek a strong MWP (MBH99 does show 
slightly warmer temperatures in the 9^^ to 14^^ eenturies than in the 15^^ to 19^^ eenturies). 

All available evidenee indieates that the situation during the Middle Ages was 
fundamentally different that what is happening with elimate today, whieh is a well- 
doeumented, globally eoherent warming trend that is happening North, South, East, and 
West; at low latitudes and high latitudes; over land and over — and into — the sea. There 
are new data, published earlier this year, indieating that the atmosphere above Antaretiea 
has warmed dramatieally in reeent deeades (Turner et al. 2006). There is no large region 
on Earth where large-seale 20th eentury warming has not been deteeted, whieh simply 
eannot be said of the MWP. 

Wahl and Ammann (2006) have demonstrated that the results of MBH are robust 
“down in the weeds”: 

Our examination does suggest that a slight modifieation to the original Mann et 
al. reeonstruetion is justifiable for the first half of the 15th eentury (~ +0.05°), 
whieh leaves entirely unaltered the primary eonelusion of Mann et al. (as well 
as many other reeonstruetions) that both the 20th eentury upward trend and high 
late-20th eentury hemispherie surfaee temperatures are anomalous over at least 
the last 600 years. 

The NAS has affirmed the MBH results are also robust in the bigger pieture, as well: 



702 


The basic conclusion of MBH99 was that the late 20th century warmth in the 
Northern Hemisphere was unprecedented during at least the last 1,000 years. 
This conclusion has subsequently been supported by an array of evidence that 
includes both additional large-scale surface temperature reconstructions and 
pronounced changes in a variety of local proxy indicators, such as melting on 
icecaps and the retreat of glaciers around the world, which in many cases 
appear to be unprecedented during at least the last 2,000 years. Not all 
individual proxy records indicate that the recent warmth is unprecedented, 
although a larger fraction of geographically diverse sites experienced 
exceptional warmth during the late 20th century than during any other extended 
period from A.D. 900 onward, (p. 3) 

Examination of the IPCC reports through time, as well as the primary scientific 
literature, reveals why the MBH results are so robust — MBH simply assimilated all the 
available evidence into a quantitative reconstruction — evidence that had already been 
evaluated qualitatively as lacking a coherent MWP. 

This committee is seeking to know the significance of the criticisms leveled at the 
MBH reconstruction for climate change assessments. The significance is that these 
criticisms have resulted in the most thoroughly vetted single climate study in the history 
of climate change research. Dr. Tom Karl summarized the impact most succinctly in his 
testimony to this committee last week when he said that he would stand by the IPCC’s 
original assessment: “If you ask me to give qualifications about the findings in the 2001 
report with the same caveat in terms of defining likelihood, I personally would not 
change anything.” Hence, the impact of the MM critique, after being scrutinized by the 
NAS, the Wegman panel, and a number of meticulous individual research groups, is 
essentially nil with regard to the conclusions of MBH and the 2001 IPCC assessment. 

Also relevant to this committee's questions about climate change assessments is the 
revelation that climate scientists do know their business, and that a lack of knowledge of 
geophysics is a genuine handicap to those who would seek to provide what they deem 
"independent review.” If the assessment of climate science presented in Mr. McIntyre's 
presentation to the NAS committee, the Wegman Report, and the WSJ is an example of 
what can be expected from those who have not conducted climate research, then the 
investigation launched by this committee has demonstrated clearly that “independent 
review” by non-climate scientists is an exceedingly ineffective way to make climate 
change assessments. 
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Change (aeeepted). 

Mr. Whitfieed. Dr. Wegman, you are recognized for 5 minutes. 

Dr. Wegman. Thank you. Good afternoon. I would like to begin 
by summarizing our previous testimony. Let me first begin by 
circumscribing the substance of our report. As you know, we were asked 
to provide an independent verification by statisticians of the critiques of 
the statistical methodology found in the papers of Dr. Michael Mann, 
Raymond Bradley, and Malcolm Hughes, published respectively in 
Nature and Geophysical Review Letters. These two papers have 
commonly been referred to MBH98 and 99. The critiques have been 
made by Stephen McIntyre and Ross McKitrick published in Energy and 
Environment in 2003, and in that same journal and also in Geophysics 
Research Letters in 2005. We refer to these as MM03, 05A, 05B, 
respectively. 

We were also asked about the implications of our assessment. We 
were not asked to assess the reality of global warming, and indeed this is 
not an area of our expertise. Our panel was composed of myself from 
George Mason University, Dr. David W. Scott from Rice University, and 
Yasmin Said, Dr. Said, from the Johns Hopkins. This ad hoc panel has 
worked pro bono, has received no compensation, and has no financial 
interest in the outcome. 

The debate over Dr. Mann’s principal components methodology has 
been going on for nearly 3 years. When we got involved, there was no 
evidence that a single issue was resolved or even nearing resolution. Dr. 
Mann’s RealClimate.org website said that all of Mr. McIntyre and Dr. 
McKitrick claims had been discredited. UCAR had issued a news 
release saying that all their claims were unfounded, by the way, based on 
the Ammann paper just referred to. 

The situation was ripe for a third party review of the types that we 
and Dr. North’s NRC panel have done. Because of the very high 
visibility of the original study, we see no harm and much advantage of 
having two independent analyses of the situation, from quite different 
perspectives. 

While the two studies overlap on the important topic of Mann’s 
principal components methodology. Dr. North’s NRC panel considers 
topics that were outside the scope of our study, such as other temperature 
reconstructions. Where we have commonality, I believe our report and 
the NRC panel essentially agree. The error in the use of principal 
components methodology, the NRC panel reported under some 
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conditions, the leading principal component can exhibit a spurious trend 
in the proxy-based reconstruction. 

The NRC panel illustrated this with their own spurious hockey stick 
in Figure 9-2 on page 87 of the report. Our explanation of this 
phenomenon was similar, the authors make the seemingly innocuous and 
somewhat obscure calibration assumption. Because the instrumental 
temperature records are only available for a limited window, they use 
instrumental temperature data from 1902-1995 to calibrate the proxy data 
set. This would seem reasonable except for the fact that temperatures 
were rising during this period. So that centering on this period has the 
effect of making the mean value for any proxy series exhibiting the same 
increasing trend to be decentered low. 

Because the proxy series exhibiting the rising trend are decentered, 
the calculated variance will be larger than their normal variance when 
calculated based on centered data, and hence they will tend to be selected 
preferentially as the first principal component. The centering of the 
proxy data is a critical factor in using principal components 
methodology. 

The effect of decentering was illustrated by us in Figure 2, which is 
Figure 4.3 in our report. The top panel represents the North American 
Tree Ring PCI as calculated based on the MBH98 methodology. The 
bottom panel illustrates the PCI based on the same set of tree ring 
proxies with the centered PCA computation. We believe that our 
discussion, together with the discussion from the NRC report should take 
the centering issue off the table. The decentering methodology is simply 
incorrect mathematics as was illustrated in our Appendix A as well as 
with ample simulation evidence in both our report and that of the NRC 
report. 

I am baffled by the claim that incorrect method doesn’t matter 
because the answer is correct anyway. The method wrong plus answer 
correct is just bad science. But with the centering issue off the table, the 
question then shifts from principal component analysis to which proxies 
exhibit the hockey stick shape and whether these proxies contain valid 
temperature signals. We agree with Dr. Mann that the hockey stick 
shape is in some proxies. 

Figure 4 is an image that I showed in our previous testimony 
showing just six bristlecone pine proxies used in the construction of the 
North American PCI series. The hockey stick shapes are clearly visible 
in the last two proxies. Given our discussion, it is clear how the 
decentering methodology will select these and give them prominence in 
PCI. So the question is are these valid temperature proxies. I quote 
from our report, “Graybill and Idso, 1993, specifically sought to show 
that bristlecone pines were CO 2 fertilized. Bondi et ah, 1999, suggest 
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bristlecones are not reliable temperature proxy for the last 150 years as it 
shows an increasing trend in about 1850 that has been attributed to 
atmospheric CO 2 fertilization.” We also know that IPCC 1996 report 
stated that the possible confounding effects of carbon dioxide 
fertilization need to be taken into account when calibrating tree ring data 
against climate variations. At the very least, the effect of these proxies 
on temperature reconstruction should be examined. 

Figure 5 shows Dr. Mann’s own illustration, MBH, Internet, 2003, of 
the direct effect of North American tree ring data on reconstruction 
results in the 15^^ century. Indeed, it is our understanding as outsiders 
that all parties agree as to the significance of this tree ring network to 
final results, and that has made the use of the tree ring network a 
disputed issue as Mr. McIntyre has just pointed out. 

Figure 6 is also a repeat graphic from my previous testimony. Please 
note that the Bristlecone/F oxtail PCI proxy is used not only in MBH, but 
in virtually every subsequent reconstruction. We do not claim to be 
experts in dendrology either but it seems to us as outsiders that there are 
sufficient confounding factors that proxies based on bristlecones should 
be avoided. We should add that we were specifically asked to resolve 
the differences between MPH98/99 and the McIntyre and McKitrick 
papers. There is a bewildering array of subsequent work that we were 
not asked to consider, but which probably deserves much more intense 
scrutiny. We would include such refereed papers as Rutherford et ah, 
2005, and Wahl and Ammann, 2006, which are purported to be written 
by independent teams, but which are co-authored by Dr. Mann himself in 
Rutherford et al. and by Dr. Mann’s student Dr. Ammann in Wahl and 
Ammann. 

Mr. Whitfield. Dr. Wegman, excuse me for interrupting. You are 
about 3 minutes over on the testimony, and we did hear your testimony 
last week and we have it in the record. And we genuinely appreciate 
your being back here today, and I am sure we will have some questions 
for you. 

Dr. Wegman. Thank you, sir. 

Mr. Whitfield. And you adequately covered last week also the 
social network and which we appreciate very much. 

[The prepared statement of Dr. Edward J. Wegman follows:] 

Prepared Statement of Dr. Edward J. Wegman, Director, Center for 
Computational Statistics 

Good morning. I would like to begin by summarizing our previous testimony. The 
debate over Dr. Mann’s prineipal eomponents methodology has been going on for nearly 
three years. When we got involved, there was no evidenee that a single issue was 
resolved or even nearing resolution. Dr. Mann’s RealClimate.org website said that all of 
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the Mr. McIntyre and Dr. McKitrick claims had been “discredited”. UCAR^ had issued a 
news release saying that all their claims were “unfounded”. Mr. McIntyre replied on the 
ClimateAudit.org website. The climate science community seemed unable to either refute 
McIntyre’s claims or accept them. The situation was ripe for a third-party review of the 
types that we and Dr. North’s NRC panel have done. Because of the very high visibility 
of the original study, we see no harm and much advantage of having two independent 
analyses of the situation, from quite different perspectives. 

While the two studies overlap on the important topic of Mann’s principal 
components methodology, the Dr. North’s NRC panel considers topics that were outside 
the scope of our study, such as other temperature reconstructions. Where we have 
commonality, I believe our report and the NRC panel essentially agree. On the error in 
the use of principal components methodology, the NRC panel reported, “...under some 
conditions, the leading principal component can exhibit a spurious trend in the proxy- 
based reconstruction. To see how this can happen, suppose that instead of proxy climate 
data, one simply used a random sample of autocorrelated time series that did not contain 
a coherent signal. If these simulated proxies are standardized as anomalies with respect to 
a calibration period and used to form principal components, the first component tends to 
exhibit a trend, even though the proxies themselves have no common trend. Essentially, 
the first component tends to capture those proxies that, by chance, show different values 
between the calibration period and the remainder of the data.” 
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Figure 1 - Spurious Hockey Stick as reported in the NAS Panel 
report (Figure 9-2 in the NAS report). 


The NRC panel illustrated this with their own spurious hockey stick in Figure 9-2 on 
page 87. Our explanation of this phenomenon is similar. “... the authors make a 
seemingly innocuous and somewhat obscure calibration assumption. Because the 
instrumental temperature records are only available for a limited window, they use 
instrumental temperature data from 1902-1995 to calibrate the proxy data set. This would 


^ UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH, FINANCIAL ARM OF 
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seem reasonable exeept for the faet that temperatures were rising during this period. So 
that eentering on this period has the effeet of making the mean value for any proxy series 
exhibiting the same inereasing trend to be deeentered low. Beeause the proxy series 
exhibiting the rising trend are deeentered, the ealeulated varianee will be larger than their 
normal varianee when ealeulated based on eentered data, and henee they will tend to be 
seleeted preferentially as the first prineipal eomponent. ... The eentering of the proxy 
series is a eritieal faetor in using prineipal eomponents methodology.” 



1400 1500 1600 1700 1800 1900 2000 


The North American Tree Network PC1 proxy was featured in MBH98. The top panel is the PC1 
using the MBH98 methodology. The bottom panel is the centered PCA reconstruction. 

Figure 2 


The effeet of deeentering was illustrated by us in Figure 2, whieh is Figure 4.3 in our 
report. The top panel represents the North Ameriean Tree Ring PCI as ealeulated based 
on the MBH98 methodology. The bottom panel illustrates the PCI based on the same set 
of tree ring proxies with the eentered PCA eomputation. 
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PC 1 with data - 0.0 CFR MsthOClS 


PCI with data - 0.3 



To illustrate that this spurious decentering effect is not limited to just hockey sticks 
we created an additional illustration based on the IPCC 1990 temperature curve. With 69 
uncorrelated white noise proxies and one IPCC 1990 curve, it is clear that decentering 
can overwhelm the remaining proxies and preferentially select the one anomalous one. 

We believe that our discussion together with the discussion from the NRC report 
should take the “centering” issue off the table. The decentered methodology is simply 
incorrect mathematics as was illustrated in our Appendix A as well as with ample 
simulation evidence in both our report and that of the NRC report. I am baffled by the 
claim that the incorrect method doesn’t matter because the answer is correct anyway. 
Method Wrong + Answer Correct = Bad Science. But with the centering issue off the 
table, the question then shifts from principal component analysis to which proxies exhibit 
the hockey stick shape and whether these proxies contain valid temperature signals. We 
agree with Dr. Mann that the hockey stick shape is in some proxies. 
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Sample Proxy Series 
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FIGURE 4 


Figure 4 is an image that I showed in our previous testimony showing just six 
sample Bristleeone pine proxies used in the eonstruetion of the North Ameriean PCI 
series. The hoekey stiek shapes are elearly visible in the last two proxies. Given our 
diseussion, it is elear how the deeentering methodology will seleet these and give them 
prominenee in PCI. Are these valid temperature proxies? I quote from our report, 
“Graybill and Idso (1993) speeifieally sought to show that Bristleeone Pines were CO 2 
fertilized. Bondi et al. (1999) suggest [Bristleeones] ‘are not a reliable temperature proxy 
for the last 150 years as it shows an inereasing trend in about 1850 that has been 
attributed to atmospherie CO 2 fertilization.’ ... We also note that IPCC 1996 report stated 
that ‘the possible eonfounding effeets of earbon dioxide fertilization need to be taken into 
aeeount when ealibrating tree ring data against elimate variations.’” At the very least, the 
effeet of these proxies on temperature reeonstruetion should be examined. 
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FIGl-RE 1. COMPARISON OF MBHJS RECONSTRl'CTiON (BLCE> WITH RECONSTRUCTION 
RESCXTING FROM THE ELIMEVATION OF KEV PROXY DATA SETS (IH^) OTTR THE AD 1400- 
im EXTERN AL. THIS \TELDS ESSENTLMLLV THE SAME RESIXT OBT.MNED BV MM BV THE 
APPARENT EUMINATION OF THESE DATASETS OTTiR THE 14004WO PERIOD. tBOTH SERIES 
HA\T BEEN SMOOTHED UTTH A 40 STAR LOUTASS FILTER}. 


Figure 5 


Figure 5 shows Dr. Mann’s own illustration (MBH, Internet, 2003) of the direet 
effeet of North Ameriean tree ring data on reeonstruetion results in the 1 5th eentury. 
Indeed, it is our understanding as outsiders that all parties agree as to the signifieanee of 
this tree ring network to final results. And that has made the use of the tree ring network a 
disputed issue. 
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FIGURE 6 


Figure 6 is also a repeat graphie from my previous testimony. Please note that the 
Bristleeone/Foxtail PCI proxy is used not only in MBH, but also in virtually every 
subsequent reeonstruetion. We do not elaim to be experts in dendrology, but it seems to 
us as outsiders that there are suffieient eonfounding faetors that proxies based on 
Bristleeones should be avoided. We should add that we were speeifieally asked to resolve 
the differenees between MBH98/99 and MM03/05a/05b. There is a bewildering array of 
subsequent work that we were not asked to eonsider, but whieh probably deserves mueh 
more intense serutiny. We would inelude sueh refereed papers as Rutherford et al. (2005) 
and Wahl and Ammann (2006), whieh are purported to be written by independent teams, 
but whieh are eo-authored by Dr. Mann himself in Rutherford et al. and by Dr. Mann’s 
student Dr. Ammann in Wahl and Ammann. 
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Indeed, far from there being uniform agreement on the hoekey stiek shape, Burger 
and Cubaseh (2005) have reported that a diseomforting array of different results ean be 
obtained from MBH proxies under minor methodologieal differenees. Figure 7 illustrates 
that while there may be reasonable eonsensus on warming sinee 1900, i.e. the ealibration 
period, as the NRC report suggests, paleoelimate temperature reeonstruetion past 1600 is 
mueh more problematie. Indeed, on the matter of eonsensus, the NOAA website titled A 
Paleo Perspective ... on Global Warming has the following eontradietory statements: 
“The latest peer-reviewed paleoelimatie studies appear to eonfirm that the global warmth 
of the 20th eentury may not necessarily be the warmest time in Earth's history, what is 
unique is that the warmth is global and eannot be explained by natural foreing 
meehanisms.” 

From http://www.nede.noaa.gov/paleo/globalwarming/paleobefore.html 

Also from the same website: “In summary, it appears that the 20th eentury, and in 
partieular the late 20th eentury, is likely the warmest the Earth has seen in at least 1200 
years.” 

From http://www.nede.noaa.gov/paleo/globalwarming/medieval.html 
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GLOBAL TEMPERATURE ANOMALIES 

Sources: NOAA. NASA/GISS. and CRU 



Figure 8 


We do agree with Dr. Mann on one key point: that MBH98/99 were not the only 
evidenee of global warming. As we said in our report, “In a real sense the paleoelimate 
results of MBH98/99 are essentially irrelevant to the eonsensus on elimate ehange. The 
instrumented temperature reeord sinee 1850 elearly indieates an inerease in temperature.” 
We eertainly agree that modem global warming is real. We have never disputed this 
point. We think it is time to put the ‘hoekey stiek’ eontroversy behind us and move on. 

I would like to make it elear that our role as statistieians in the hoekey stiek game is 
not as players in the hoekey game, but as referees. What we have seen and eontinue to 
see is that, not withstanding the efforts by Dr. Nyehka and others at NCAR, there is 
relatively little interaetion between the statistieal eommunity and the elimate 
seienee/meteorology eommunities although the latter frequently use statistieal teehniques. 
Statistieians in general have to pay their mortgages just like everyone else and in general 
eannot afford to do pro bono work sueh as we have been doing. We advoeated in our 
report that if statistieal methods are being used, then statistieians ought to be funded 
partners engaged in the researeh to insure as best we possibly ean that the best quality 
seienee is being done. Drs. Nyehka and Bloomfield, the statistieians involved with the 
NRC report, raise other issues on ealibration, validation, and full quantifieation of 
uneertainty in these studies. Indeed there are a host of fundamental statistieal questions 
that beg answers in understanding elimate dynamies. 

Sampling 

How were the 70 trees in NOAMER 1400 seleeted? 

4 Arkansas 
4 Arizona 
13 California 
12 Colorado 
3 Georgia 
1 Louisiana 
1 Montana 
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1 North Carolina 
5 New Mexico 
14 Nevada 
3 Oregon 
1 South Dakota 

3 Utah 

1 Virginia 

4 Wyoming 

How representative are these trees of the population of trees that grew from 1400- 
2000? In terms of geography, altitude, and type. If these trees seemed “interesting” to 
various individuals who took the core samples, do you believe those trees can/should be 
treated as a “random sample”? Are there biases in the selection of these trees? 
Presumably many trees could not be sampled because they had died or been harvested. 
What is the effect of this “censoring” on your data (and your analysis)? Similar questions 
exist about ice cores and how representative such data might be. What are the effects of 
gas diffusion in the ice core layers? 

Analysis 

What is the correlation between temperature and tree ring growth? What calibration 
studies have been performed? The rescaling steps taken seem to suggest that the 
correlation must be near 100%. Is that the case? The temperature proxy search is a 
regression problem. Why did you choose to use principal components (not appropriate 
for finding a nonstationary mean)? What weights do you use to combine different proxy 
types? Why? If the data are not a random sample, then what confidence can be given to 
any modeling and to any “error bars”? 

Forecasting and Modeling 

CO 2 modeling shows a rapid increase in the near term. What do the models show in 
the longer term? Given the apparent high correlation between CO 2 and temperature in the 
model outputs, how direct is the link in the model itself? What is the difference between a 
true forecast and a “model run”? Do you believe your model runs have any statistical 
validity? The output looks like a Taylor series with no higher order terms? 

Planning Experiments 

What data should be collected that would be most cost-effective in increasing our 
understanding of the climatic models and the underlying physics (and statistics)? Is all 
data valuable? How does one avoid the desire to collect data at sites that appear 
“interesting” beforehand? What are the parallels between modem experimental science 
and experimental medical research of the 1960's? How many surgeons were “certain” 
their treatments were superior or that dmgs were safe and found out otherwise with 
carefully designed and controlled studies? Is the risk of global warming so acute that such 
studies are deemed unwise? 

Our report is not aimed at criticizing Dr. Mann or his colleagues, but in outlining a 
path for doing the science better. We note that the American Meteorological Society has 
a Committee on Probability and Statistics. I believe it is amazing for a committee whose 
focus is on statistics and probability that of the nine members only two are also members 
of the American Statistical Association, the premier statistical association in the United 
States, and one of those is a recent Ph.D. with an assistant professor appointment in a 
medical school. The American Meteorological Association recently held the 18^^ 
Conference on Probability and Statistics in the Atmospheric Sciences (January, 2006). Of 
the 62 presenters at a conference with a focus on statistics and probability, only 8 
(12.9%) are members of the American Statistical Association. I believe these two 
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communities should be more engaged and if nothing else our report should highlight to 
both communities a need for additional cross-disciplinary ties. 

Mr. Whitfield. So at this time I will start off the questions, and I 
would direct my first question to Dr. Mann and Dr. Christy and Dr. 
Cicerone. If you look at the 1990 U.N. report from the 
Intergovernmental Panel on Climate Change, it is quite pronounced the 
so-called Medieval Warming Period. And so the first question I would 
ask was there a Medieval Warming Period, Dr. Mann? 

Dr. Mann. Let me tackle that first. Actually the graphic you are 
referring to in the 1990 report was not an actual numerical estimate. It 
was a schematic based on very limited evidence in some parts of the 
globe, and that was actually emphasized in the report that they based that 
schematic on very limited information. Another interesting thing about 
that plot is that it actually ends in 1975. Now there has been roughly .5 
degrees C of additional warming in the climate in the Northern 
Hemisphere since 1975. And if you superimpose— 

Mr. Whitfield. How much since then? 

Dr. Mann. Point 5 degrees C additional warming since 1975. 

Mr. Whitfield. Point 5 degrees. Okay. 

Dr. Mann. Yes. So if you superimpose that on the end of that 1990 
curve where it stops in 1975 actually the modem warmth is above the 
medieval peak. So it actually reinforces the later conclusions shown in 
the 1996 report and the 2001 report. 

But we have learned a lot since then. For example, we know that the 
so-called Medieval Warm Period was actually fairly cold in the tropical 
Pacific. There is coral data that tell us that it was a La Nina like period. 
Now that means that there were large parts of the global surface that 
were cold at that time. As we learn more about the regional detail, we 
realize that it is incorrect to simply label that period as the Medieval 
Warm Period, and that is why most scientists now call it the Medieval 
Climate Anomaly. 

Mr. Whitfield. Okay. Dr. Christy, would you make comment 
about it? 

Dr. Christy. Yes. Regarding the 1990 picture— 

Mr. Whitfield. The Medieval Warming Period. 

Dr. Christy. Some places were obviously warm, other places 
weren’t, and it is one that doesn’t look like it has a warm period at that 
time but there were other places that were warmer than today, I think. 

Mr. Whitfield. Okay. And Dr. Cicerone. 

Dr. Cicerone. I have nothing to add. I went back and looked at the 
cartoon after last week’s hearing and read all the surrounding pages and I 
have nothing to add. 

Mr. Whitfield. Okay. Now Mr.- 
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Chairman Barton. Mr. Whitfield, could I- 

Mr. Whitfield. Yes, sir. Yes, sir. 

Chairman Barton. Why do we call that a cartoon and these others 
something different? I know the methodology is different but I would 
assume that the 1990 graphic was based on some mathematical evidence. 
It may not have been as complicated with as many variables as Dr. 
Mann’s later work, but I don’t think they just pulled that out of the air, 
did they? 

Dr. Mann. Let me comment. Actually it is a schematic. It is a 
cartoon. It was not a numerical estimate. 

Chairman Barton. They threw spaghetti up on the wall and 
wherever it stuck is what they put in the chart. 

Dr. Mann. Guided by some qualitative interpretations of historical 
climate records in a few locations in the Northern Hemisphere. It was 
not a quantitative estimate of climate. 

Chairman Barton. There is no averaging, there is no data to back 
it up? 

Dr. Mann. There is no numerical estimate that I am familiar with 
that went into that calculation that went into that graphic. There was no 
calculation. 

Dr. Gulledge. Mr. Barton, I have some— if you please. I actually 
spoke to some scientists who a couple have actually retired now who 
were involved in a 1975 NAS report on climate change that actually used 
a figure like this. And I spoke to Dr. Tom Webb who remembers the 
development of this figure and it actually originated from somebody’s 
lecture notes at one time from the early ‘70s. 

Chairman Barton. There is no data set? 

Dr. Gulledge. That is correct. There is no data set that is used in 
the production of this plot. There were studies where they said it looks 
like the north Atlantic was warm. There are studies that say China was 
cold. You know, we are proposing that there may have been a warm 
period in the Middle Ages, and to quote from the 1990 IPCC report in 
reference to this figure it says specifically, “It is still not clear whether all 
the fluctuations indicated in the diagram were truly global.” And that is 
directly from the report referring to this diagram. 

Chairman Barton. Thank you, Mr. Whitfield. 

Mr. Whitfield. Yes, sir. Just referring to Mr. Inslee’s chart about 
CO 2 concentration levels and temperatures going back 400,000 years, it 
is constantly up and down, constantly up and down. Now is that 
something that we normally expect that CO 2 emissions constantly go up 
and down for 400,000 years? Would someone reply to that? 

Dr. Cicerone. May I respond? 

Mr. Whitfield. Yes, sir. 
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Dr. Cicerone. The CO 2 data comes from extracting gas dissolved 
in ice as was explained last week. 

Mr. Whitfield. And where is the Vostock ice core, where is that? 

Dr. Cicerone. It is at a particular region in Antarctica where the ice 
is so thick that you can actually go back that many years and do 
reasonable dating. It doesn’t mean that every year is exactly one year but 
it is pretty good resolution so they crush the ice or melt it. The problem 
with melting is some of the gas can dissolve in liquid so probably the 
safest technique is to crush the ice and extract the air. The CO 2 record is 
absolutely quantitative. It shows that through the last four ice ages if you 
go back to 650 or 700,000 years when the Earth was cold the CO 2 
amounts were low. 

When the Earth was warm in between the ice ages the CO 2 got 
higher, and the range was about 180 to 280 parts per million. Those are 
the natural cycles of the Earth. People have tried very hard to say did the 
CO 2 increase cause the warming or the cooling or did the warming and 
cooling cause the CO 2 . The only evidence that seems clear is that there 
were times when the warming preceded the CO 2 and the cooling 
preceded the loss in CO 2 but they are nearly linked in time. So people 
are scratching their heads, what are the feedbacks that cause this? How 
did these ice ages start? What triggered them? How do we get out of 
them? 

Methane amounts also track perfectly. When Earth was warm 
methane was two-thirds of a part per million. When it was cold it was 
one third of a part per million. Now we are at five-thirds of a part per 
million so we are out of that range. That is about all I can say. So the 
biological process that release CO 2 and methane were probably 
responsible. 

Mr. Whitfield. So it is continually going up and down. Would 
you anticipate that it would go down at some point in the future or do 
you feel like it is going to continue to go up? 

Dr. Cicerone. Well, the CO 2 that is in the air now is 385 parts per 
million, which is 200 parts per million larger than the 180 minimum at 
cold times and 100 larger than the CO 2 maximum at hot times. It is 
going to take 200 years for that CO 2 — if we quit putting CO 2 in the 
atmosphere today and all the plants decomposed, it would take a couple 
hundred years for the CO 2 to fall back to that region. It is not going to 
happen. 

Mr. Whitfield. And what percent of all the CO2 being emitted 
today would you say is man-made and what percent is natural? 

Dr. Cicerone. Well, the decay in biota and respiration and 
geological processes put 100 gigatons of CO 2 carbon in the air each year. 
Combustion of fossil fuels puts in 6 or 7. So the natural inputs are larger 
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by far but the equilibrium of the system as established as Professor North 
mentioned last week is the processes that suck it up are about 100, so the 
imbalance is the 6 or 7 and about half of that shows up in the air and the 
other half seems to go in the oceans every year. 

Mr. Whitfield. But the natural emissions are overwhelmingly 
larger than man made but the man-made part is what messes up the 
equilibrium. 

Dr. Cicerone. Well, numerically they are overwhelmingly larger 
but the atmosphere seems to think otherwise because the atmosphere is 
responding to the increase. 

Mr. Whitfield. Right. Now, Dr. Christy, you have done some 
work on satellites, observations of the Earth’s surface, and I read a book 
a number of years ago entitled “A Moment on the Earth” by a guy named 
Greg Easterbrook, and there was some part of that where he talked a lot 
about the satellites were not— the models being used to project global 
warming and the satellite observations were not in sync. I am sure I am 
not expressing it in the proper scientific way but hopefully you may 
know what I am referring to. 

And I know that some of the work that you did, you received a lot of 
criticism or not criticism, but people were taking shots at you also 
because you had an error in your work relating to satellites and you were 
off like .035 percent of one degree or something. But would you 
elaborate a little bit about the satellite observations today and how that 
matches up with the global warming that we hear about from a scientific 
standpoint? 

Dr. Christy. Yeah, it is curious. I have a couple papers coming 
out this year, in fact, in which we show that the evidence indicates the 
atmosphere is not warming as fast as it is typically thought from 
enhanced greenhouse gases particularly in the tropics, so that is the short 
answer. 

Mr. Whitfield. Okay. And these papers will be coming out when? 

Dr. Christy. I turned the page proofs back for one yesterday so it 
is probably a couple months. The other one will probably be about 3 
months. 

Mr. Whitfield. Okay. My time has expired. Mr. Stupak. 

Mr. Stupak. Mr. Chairman, as a courtesy to Mr. Waxman I am 
going to yield my time to Mr. Waxman, and I will assume his time when 
his time comes. 

Mr. Waxman. Thank you very much, Mr. Stupak. Mr. Chairman, 
it is interesting that you are citing Gregg Easterbrook as someone who in 
the past had been a skeptic, and he recently wrote where he said “as an 
environmental commentator, I have a long record of opposing alarmism. 
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But based on the data I am now switching sides regarding global 
warming, from skeptic to convert.” 

Mr. Whitfield. Well, I mentioned his name so you could bring that 
up, Mr. Waxman. 

Mr. Waxman. All right. Dr. Mann, your work was extensively 
criticized by Dr. Wegman last week. He criticized certain statistical 
aspects of your work and provided testimony on global warming more 
generally. However, Dr. Wegman isn’t a climatologist, and I would like 
to give you the opportunity to respond to some of his statements from 
last week’s hearing. He stated, “Carbon dioxide is heavier than air.” And 
“if the carbon dioxide is close to the surface of the Earth it is not 
reflecting a lot of infrared back.” Would you care to respond to that 
statement? 

Dr. Mann. Yes. It is a somewhat problematic statement on a 
couple levels. First of all, of course the greenhouse effect is not based on 
the reflection of radiation, it is based on the absorption of outgoing 
radiation. Rather than escaping to space it is radiated back towards the 
surface and the surface has to warm up in response to that. So reflections 
isn’t involved at all. It is the process of absorption, selective absorption. 

The other problem with that statement is that the well mixed 
atmospheric constituents, oxygen, nitrogen, carbon dioxide, their 
distribution, their vertical distribution in the atmosphere doesn’t have to 
do with their weight or their relative masses. It just has to do with the 
basic force balances that act in the atmosphere. There is gravity and then 
there are gradients due to the pressure of the atmosphere and these two 
things have to balance out. And it turns out that all of the well-mixed 
gases decay with the same vertical profile falling to about one-third of 
their surface concentration at roughly eight kilometers up in the 
atmosphere. And that is true for CO 2 as well as oxygen. 

Mr. Waxman. I thought that at the time, and I am glad to hear your 
response because I knew there was something wrong with that statement. 
When Dr. Wegman was asked about your research since 1999 he stated 
that you had circled your wagons “and tried to defend this incorrect 
methodology.” I would like to know if this is true. Did you continue to 
use the same methodology or have you worked to improve your 
approach since 1998? 

Dr. Mann. Thanks for the question. It is another troubling 
statement that you quote there because of course my collaborators and I 
have far from circling our wagons, we have been spearheading efforts to 
develop more sophisticated statistical methodologies for reconstructing 
climate and rigorously testing those methods using climate model 
simulation. We published a number of papers that show that the methods 
we used performed very well in the context of climate model simulations 
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where we know the answer. We don’t have to guess because we have 
the simulation. There were some other statements— 

Mr. Waxman. Well, let me asks you about some of the other 
statements because he attempted to impeach your statistical background 
by complaining that you used non-standard statistical phrases in your 
research like “statistical skill.” Can you help us understand? Is this an 
unusual phrase as Dr. Wegman suggests? 

Dr. Mann. That was another very odd statement on his part, and I 
found his lack of familiarity with that term somewhat astonishing. The 
American Meteorological Society considers it such an important term in 
the context of statistical weather forecasting verification that they 
specifically define that term on their website and in their official 
literature. And in fact it is defined by the American Meteorological 
Society in the following manner: “A statistical evaluation of the accuracy 
of forecasts or the effectiveness of detection techniques.” Several simple 
formulations are commonly used in meteorology. The skill score is 
useful for evaluating predictions of temperatures, pressures, et cetera, et 
cetera, so I was very surprised by that statement. 

Mr. Waxman. Dr. Wegman testified he thought global warming “is 
probably less urgent than some would have it be.” He also discounted 
the impact of increasing the planet’s temperature by 2 degrees testifying 
that he would “challenge anybody to go out and tell the difference 
between 72 and 74 degrees Fahrenheit.” Dr. Mann, the impacts of 
climate changes are a well studied area. Does Dr. Wegman have any 
basis for being so cavalier about global warming? 

Dr. Mann. Well, just to provide some context. The difference 
between the height of the last glacial period when there was more than a 
kilometer of ice sitting above New York City global temperatures were 
probably only about 4 degrees colder than they are today so that gives 
you some idea of the dramatic nature of climate associated with fairly 
moderate changes in global mean temperature. Those changes in global 
mean temperature are often associated with much larger changes in 
certain very important regions like the Arctic where the warming over 
the last century is much greater than the global mean, and we have seen 
melting of perma frost and other impacts of that. 

Mr. Waxman. He also said that global warming “must be 
understood in the context which is that we have relatively speaking a 
Little Ice Age, which everybody seems to acknowledge, and so it is not 
so surprising that it is warming if we are coming out of a Little Ice Age.” 
Does Dr. Wegman’ s statement accurately reflect the scientific 
consensus? 

Dr. Mann. No. In fact, the implications are just about the opposite 
of what he had stated. In fact, we know with the climate models that we 
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have today that embody the basic physics of the atmosphere and the 
ocean and the interactions between them, actually we can describe, we 
can predict and explain the factors that underlied the Little Ice Age and 
the fact that certain regions like Europe cooled somewhat more 
dramatically than the rest of the globe some time between the 17^^ and 
19^^ Century. 

It turns out that that is the response of the climate to the changes in 
natural factors like explosive volcanic eruptions and small changes in 
solar radiants that were relevant to the past. Those same models that so 
successfully describe the Little Ice Age tell us that there is no way to 
explain the warming of the last century without the influence of human 
beings on concentration of greenhouse gases in the atmosphere. 

Mr. Waxman. So I shouldn’t be nostalgic for that Little Ice Age. 

Dr. Mann. Perhaps not. 

Mr. Waxman. Did Dr. Wegman ever contact you to talk about your 
work or ask for any further explanation from you about it? 

Dr. Mann. No. 

Mr. Waxman. Some have criticized you for lack of willingness to 
disclose your data and computer code. Could you briefly tell us how you 
have handled the availability of your research? 

Dr. Mann. Well, first of all I would like to draw a distinction 
between data and code. The statement was made earlier here that I didn’t 
make my data available until 2004, and that is simply incorrect. Our 
entire data set was available on the worldwide web several years before 
that. Now a code, well, that is a different sort of thing. It is a matter of 
intellectual property because it takes a lot of work to implement the 
algorithm that one might be using to perform a certain sort of operation, 
but as long as the algorithm is available then other people can 
independently reproduce your work without having the actual physical 
code. 

And, in fact, that is what Dr. Wahl and Dr. Ammann have shown. 
They have independently implemented our algorithm in a different 
programming language that is available to anybody who wants to go to 
their website to access it. As a matter of fact, over the past few years we 
have been making all of our codes available for all of the calculations 
that we do, and that is actually a standard that many others in our 
community, the climate research community, haven’t really followed, so 
we are sort of leading the way there. 

Mr. Waxman. Thank you. I want to ask Dr. Christy about this 
because you stated that you provided your computer code to other 
researchers when it has been requested, and you specifically mentioned 
providing your code to Remote Sensing Systems or RSS. Is that 
accurate? 
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Dr. Christy. We provide the part of the code that was in question. 

Mr. Waxman. Well, I contacted RSS about your testimony and Mr. 
Frank Wentz sent me a letter last night, and he wrote to say, “Dr. Christy 
has never been willing to share his computer code in a substantial way,” 
and he provides the text of a 2002 e-mail exchange between RSS and 
yourself And according to this letter when asked for your code, you 
replied “I don’t see how sharing code would be helpful because there are 
at least seven programs that are executed (several thousands lines of 
code) and we would be forced to spend a considerable amount of time 
trying to explain coding issues of the spaghetti we wrote.” In light of 
this letter. Dr. Christy, I would be interested if you care to clarify your 
testimony because Mr. Wentz wrote further, “I think the complexity 
issue was a red herring. My interpretation of Dr. Christy’s response is he 
simply didn’t want us looking over his shoulder, possibly discovering 
errors in his work. So we had to take a more tedious trial-and-error 
approach to uncovering the errors in his methods.” 

And then he went on to explain “RSS manages data software from a 
large array of climate satellites.” What do you say about that? That 
sounds inconsistent with what you have told us. 

Dr. Christy. We shared with them the parts of the code that they 
were most concerned about. What is called the drift effect was one of 
them. Because ours were machine dependent and so on like that but we 
did share not only that but we also shared the intermediate data to say, 
okay, if you implement this code this is the intermediate data you should 
get, and that is what they published. 

Mr. Waxman. I must say I am a politician as all the people here at 
our dais are and all of us engage in politics as we know it, but here is a 
session with scientists, and you went ahead and attacked Dr. Mann, who 
is an accomplished and respected climate researcher. I think you and Dr. 
Wegman attempted to smear his good name. Now I just got a letter from 
another person— 

Mr. Whitfield. The gentleman’s time has expired. 

Mr. Waxman. —in your field who says that you haven’t been 
forthcoming, so I just want to point out to all of you, we don’t do the 
back biting as frequently as it seems to me that some of you scientists 
seem to do to each other. 

Mr. Whitfield. But Dr. Christy did say that he shared part of the 
code that he asked for. 

Dr. Christy. Yes. They got what they wanted. 

Mr. Waxman. May I ask unanimous consent to put the letter from 
Dr. Wentz in the record? 

Mr. Whitfield. Without objection. 

Mr. Stearns. I would object, Mr. Chairman. 
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Mr. Whitfield. Okay. Objection. 

Mr. Stearns. I object just because I think staff should have an 
opportunity to see the letter first. 

Mr. Whitfield. Okay. 

Mr. Waxman. I certainly would share it with staff. Assuming staff 
sees no objection from the letter that I received last night, I would like 
to- 

Mr. Stearns. Mr. Chairman, you remember last time that I asked a 
letter to be submitted to the record and they objected until they saw it— 

Mr. Stupak. But we put the letter in. 

Mr. Stearns. I know, but I produced a letter for the gentleman. 

Mr. Whitfield. Iff could have order a minute. We will look at the 
letter. We will have staff look at the letter. In the meantime I recognize 
the Chairman of the full committee for 10 minutes. 

[The information follows:] 
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Remote Sensing Systems 

(. ^ 

■438 First Street, Suite 200, Santa Rosa, CA 95-401 

(707) 545-2904 


July 26, 2006 

The Honorable Henry A. Waxman 
2204 Rayburn 
Washington, DC 20515 

Dear Representative Waxman: 

I understand that Dr. John Christy is testifying on the issue of sharing data and computer code among 
climate scientists, and I thought you should know about my experience with Dr. Christy on this matter, 
^ . I have found Dr. Christy to be quite reluctant in sharing computer code with Remote Sensing Systems 
' (RSS). Back in 2002 as part of a NOAA grant, RSS was trying to reproduce Dcr Christy’s temperature 
trends. We were having difficulty doing this, and on a number of occasions I requested that Dr, 
Christy send us his computer code. For example, on March 29, 2002, we made the following e-mail 
request to Dr. Christy: 

What would be extremely useful is the actual computer code used to derive your 
diurnal correction and target multiplier value. 

John Christy’s e-mail reply (verbatim) was: 

I don*t see how sharing code would be helpful became there are at least 7 
programs that are executed (several thomands of lines of code) and we would be 
forced to spend a considerable amount of unfunded time trying to explain coding 
issues of the spaghetti that we wrote (we tried this with NOAA a few years ago and 
the time lost was enormous with no gain at all.) This is reciprocal - the last thing I 
want to do is try to figure out someone else's code ... mine is scary enough as it is. 

I guess what I'm saying is that there is only so much we can do to help you get to 
where you want to be. 

-t In fact, 7 programs and several thousands line of code is not that Complex. RSS manages data and 
software from a large array of climate satellites. The MSU dataset is a very small dataset compared to 
most other satellites. We have the capability to easily import software from all types of machines, 
operating systems, and computer languages, and I told Dr. Christy this would not be a problem. It 
would have probably taken us about a week to implement the code at RSS, and we could have then 
actually understood why Dr. Christy was getting anomalously low trends. 

I think the complexity issue was a red herring. My interpretation of Dr. Christy’s response is he 
simply did not want us looking over his shoulder, possibly discovering errors in his work. So we had 
to take a more tedious, trial-and-error approach to uncovering the errors in his methods. 

Last year, I believe Dr, Christy reluctantly sent a small piece of code to my co-worker Dr. Mears. 
However, Dr. Christy has never been willing to share his computer code in a substantial way. 

In closing, my intention is simply to point out that Dr. Christy is not unlike other scientists who for a 
variety of reasons like to keep their computer code private. The pros and cons of this practice is a 
complex issue. 


^ Frank J.Wefiz CT 

Director, Remote Sensing Systems 


Chairman Barton. We are about truth, and my guess is Mr. 
Waxman’ s letter helps the truth so we will almost certainly put that in the 
record. Dr. Mann, I read your prepared testimony and I have listened to 
your synopsis, and you said something that I didn’t see in the prepared 
testimony. Maybe it was there. You talked about scientists trying to 
make certain they don’t make categorical statements. I don’t know 
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exactly but it sounded, to coin a phrase, plausible what you said. Now in 
our opening statements my friends on the other side, and they really are 
my friends. We get along a lot better off camera than we do on camera. 

Their opening statements seem pretty categorical to me. Their minds 
seem to me to be pretty made up, that this is a major problem and it is 
time to stop foot dragging and let’s get on and fix it. I don’t quite have 
that religion yet. I haven’t been born again quite yet. And that is what 
this is all about. If in fact all these things that my friends, Mr. Inslee and 
Ms. Schakowsky and Mr. Waxman, believe so fervently are literally 
factually true without question then we need to move to problem 
solution. 

But I look at these data sets, I look at these data points, I look at 
these theories and things, and I see a sign curve phenomenon where the 
Earth gets warmer, the Earth gets cooler, the Earth gets warmer the Earth 
gets cooler. It certainly appears that it is getting warmer faster in this 
century. It is certainly plausible that it has got to be partially caused by 
man-made emissions. But I think it is a little early to categorically make 
some of the statements that my friends on the Minority side are making. 

And the reason that we asked you to try to provide your data sets and 
your codes and stuff is because yours was the very first one and it is 
referred to. Now there may be a hundred since then and maybe we ought 
to look at all hundred of them, but yours is the one even in the National— 
the science review— Research Council review. It talks about that in the 
executive summary. So do you feel— from everything I can find out about 
you is that you are a very fine person and an excellent scientist and 
totally dedicated to your work, but do you think it is fair to ask you to try 
to let other people verify that first study since it seemed to have such an 
impact on the community? 

Dr. Mann. Well, no, I don’t think it is unfair at all to expect the 
scientific community to validate previous results and to refine them, and 
that process has been occurring over the past 10 years since our work 
was begun. I think the National Academy members at their press 
conference said something to the effect that they felt that the scientific 
process had worked quite well in this area in that methods have been 
refined, new proxy data have become available. Multiple estimates are 
now available where there were three at the time of the IPCC 2001 
report. There are now more than a dozen different estimates. There are 
also independent model simulations— 

Chairman Barton. You don’t think it is unfair to have a little 
scrutiny to the— if it is a conclusion, anybody has a right to a conclusion 
and an opinion but when it gets into the mainstream that it is just a given 
that is what I take a little exception to even today. Now I want to ask a 
follow-up question. Dr. Wegman said when he tried to get enough 
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information to try to verify the model, verify the algorithm, he says he 
had some trouble getting that. Now you talked about codes and 
algorithms. What is the difference, and I am not a statistician and I am 
not a climatologist or a paleoclimatologist. What is the difference 
between a code and an algorithm? 

Dr. Mann. Okay. Let me try to use an analogy. 

Chairman Barton. Use a simple one. 

Dr. Mann. I will do my best. 

Chairman Barton. The simpler, the better. 

Dr. Mann. Well, let’s think of an algorithm is— suppose you were 
trying to build a house. And you wanted to build a house and the data 
would be the materials you need to build the house, the nails, the wood, 
et cetera. The algorithm would be the architectural plan. Now what 
would the code be? Well, imagine that instead of builders you had a 
computer to make your house for you. Well, the code would be 
implementing the architectural plan by telling the computer to pick up 
the hammer, pick up the nail, hammer it in. And so the code is simply 
implementing the algorithm but the real scientific process is embodied 
within the algorithm, and the algorithm is what has been independently 
reproduced. 

Chairman Barton. What is proprietary about a formula or 
mathematical model that tries to compute something as gargantuan as 
world climate over 2,000 years? I don’t see anybody making any money 
on that. I mean if you put it out there and said this is what is happening 
and try to predict the future, why should that not all be made available in 
some public way that independent reviewers can try to replicate it? 

Dr. Mann. Well, let me preface this by putting out that we now as a 
matter of course do make available our codes that we have written to 
implement these different methods and so the Rutherford et al. paper that 
was shown earlier reproduces essentially the original reconstruction, that 
entire code can be downloaded from our website. 

Chairman Barton. If we asked, which we are going to, asked Dr. 
Cicerone— we are going to ask him to review some of these 
recommendations that Mr. McIntyre and Dr. Wegman and others have 
made, but one of them is going to be that because the stakes are so big 
and the consequences are so big that these models and data sets and 
things be made available in some way that they can be verified. Do you 
have a problem with that? 

Dr. Mann. No. I think this is a bigger question than one that 
should be asked of me. There are bigger questions about intellectual 
property rights, and people— the scientific community and the policy 
makers need to work that out, what is the balance between making sure 
that scientists are allowed to write a code, spend a whole lot of time 
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doing it and be able to implement it and use it without immediately 
having to turn it over to somebody else who suddenly then gets all of 
their intellectual contributions over a several year period. So I think 
there is a balance there. I don’t disagree with the premise of what you 
are saying. 

And I think there is the issue that Dr. Christy brought up earlier, if 
you take, for example, our 1998 work, well, that was a program, I think 
you alluded to this last week, it was written in Fortran and a fairly— 

Chairman Barton. I was stunned to know that that program was 
still in existence. 

Dr. Mann. It is still more widespread than you might think actually. 

Chairman Barton. What generation is it now because I was up to 
Fortran 4. 

Dr. Mann. It was 90 and then— and we were back in F77, Fortran 
77 is what we wrote this program in. So there is the issue of platform 
dependence. And now we are getting away from that. For example, we 
write all of our codes now in MAT Lab, which is a portable 
programming language and anybody who has MAT Lab can implement 
it. And that is the direction things are moving but to apply the standard 
to work that was done 10 years ago may be unfair because the standards 
have changed. 

Chairman Barton. Dr. Christy, I read your testimony, and I want 
to compliment you on its preparation and your forthrightness. On page 
11 you talk about, in the second paragraph, that the issue of climate 
model evaluation has been performed mostly by the modelers 
themselves. It is my view, this is you speaking here, and 
recommendation that policy makers would learn much from independent 
hard-nosed assessments of these model simulations by those who are not 
directly vested in the outcome. Some of this is going on but the level of 
support is minimal. Do you still stand by that? 

Dr. Christy. Yes, I do. I think probably any scientific endeavor 
could stand with independent eyes looking over it. 

Chairman Barton. Dr. Cicerone, do you agree with that 
statement? 

Dr. Cicerone. The more the merrier. I have done a lot of 
mathematical modeling maybe 15 or 20 years ago, and I remember 
efforts to try to compare models where unfortunately what happened was 
everybody said, well, let’s put the same assumptions in the models and 
see how they do. And I think it worked against the science because it 
created less independence. So to do this kind of exercise I think we have 
to take everything into account but generally it is a good idea in my 
opinion. 
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Chairman Barton. I know I am over time. I want to read one 
more paragraph in Dr. Christy’s testimony because it kind of 
encapsulates the policy dilemma that we are faced with and ask the panel 
to comment on it. And I am quoting, “To understand the scale of what 
we are dealing with this serves as a rough example. We know that we on 
Earth benefit from 10 terawatts of energy production today. To achieve 
a reduction of the CO 2 representing 10 percent, 1 terawatt, of that 
production we need 1,000 nuclear power plants at 1,000 megawatts each. 
Massive implementation of wind and solar does not achieve this result 
and would not provide the baseload power needed by the economies 
today in any case. Thus, to have a 10 percent impact on emissions from 
energy, that is growing at the same time, will require a tremendous and 
difficult and expensive restructuring of energy supplies.” 

So even if we accept the problem and move to solution to get a 10 
percent reduction in CO 2 takes 1,000 megawatt nuclear power plants and 
it probably doesn’t have any impact for 50 to 100 years. Do you all want 
to comment on that, anybody, other than Dr. Christy, which you can. It 
is your statement. 

Dr. Christy. I would just say the energy committee is where a lot 
of this is going to be done and that is just to give you an idea of the scale 
of what you are going to be tackling, I think, in the next few years. 

Chairman Barton. That is why I am still a skeptic. I don’t want 
to jump in there especially if this is a naturally reoccurring phenomenon 
that is exacerbated by human emissions but it is going to happen 
regardless of what we do. Dr. Cicerone. 

Dr. Cicerone. The numbers that you just summarized from Dr. 
Christy are really intimidating. I agree with you. I would like to see us 
all get together with the elements of a win-win strategy. There are some 
actions we can take as first steps, I think, which are truly win-win, and 
they have to do with energy efficiency. Just look at it from the United 
States point of view. If we could decrease our dependence on foreign 
energy we would improve national security, we would decrease the trade 
deficit, we would, I think, stabilize geo politics a little, we would 
increase national competitiveness by making our manufactured products 
cheaper. 

When energy prices are high you know better than I our 
manufactured products have to bear that increase. We could develop 
new products which would create new world markets and we could be 
leaders. We would decrease the energy costs for households and 
incidentally slow down the emissions of CO 2 . So I think we need a win- 
win strategy and we can take a bite out of that 1,000 gigawatts with 
energy efficiency. 
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Chairman Barton. My time has more than expired so I apologize. 
Thank you all for being here. 

Mr. Whitfield. I recognize Mr. Stupak of Michigan. 

Mr. Stupak. Thank you. We were talking about that Fortran 4 
program, and I was just wondering was that during the Medieval 
Warming Period we have been talking about? If I may, Mr. Chairman, 
when I gave my opening statement I had a couple of exhibits. I should 
have asked at that time that they be made part of the record with my 
opening statement. It is the Interfaith Stewardship Alliance that I 
mentioned and how they were funded by ExxonMobil, so if I may 
without objection put that as part of my opening statement. 

Mr. Whitfield. And we have a copy of it. 

Mr. Stupak. Yes. 

Mr. Whitfield. Thank you. 

Mr. Stupak. Dr. Cicerone, just speaking of the Medieval Warming 
Period as it was described in the Wall Street Journal. We talked a little 
bit about it earlier. In fact, are we even sure that even happened in the 
Northern Hemisphere, that Medieval Warming Period that the Wall 
Street Journal talked about, that was that chart there, the 1990 chart that 
we had some discussion about earlier. 

Dr. Cicerone. I am sorry. Were you addressing that to me, sir? 

Mr. Stupak. Yes, sir. 

Dr. Cicerone. Okay. There were certainly records of warm places 
in that period of time. 

Mr. Stupak. Warm places and cold places. 

Dr. Cicerone. The question continues to be how extensive was it, 
how long did it last, and how solid is the evidence. But, yes, there is 
evidence of a Medieval Warm Period, but no one can sit here and tell 
you how geographically extensive it was with strong evidence and how 
long it lasted. But, yes, there was a Medieval Warm Period. 

Mr. Stupak. Dr. Crowley says that even though it was difficult to 
unequivocally assert that the current warming period is significantly 
greater than the peak warmth of the Medieval Warm Period there is even 
less justification for saying that the medieval period was warmer than it 
is today, is that correct? 

Dr. Cicerone. The committee that Professor North reported on. 
Professor North from Texas A&M, last week representing the National 
Research Council, I am pretty sure what they concluded was there was 
no evidence that that period was warmer than say the year— the decade of 
the 1990s through 2006. 

Mr. Stupak. But were considerably warmer? 

Dr. Cicerone. They could not say with strong evidence that each 
year in the 1990s was warmer than then but there was no evidence that 



730 


the Medieval Warm Period over an extensive geographical region was as 
warm as the Northern Hemisphere is now. 

Mr. Stupak. Is it fair to say then that neither the pro-hockey stick 
researchers or the anti-hockey stick researchers can talk with scientific 
certainty about this medieval period, would that be correct? 

Dr. Cicerone. In certain locations they can where there were 
records kept, but the question again is how does one location compare 
with all the others. For example, some proxy indicators from China 
inferred what the temperatures were from agricultural crops and stream 
flows and so forth, which are pretty extensive, but it is hard to compare 
the timing of those with other strong proxies from elsewhere. 

Mr. Stupak. Let me ask you this question then. This is the second 
hearing we have had on this hockey stick theory, but you were on the 
National Academy of Science panel that looked at these studies. Are you 
telling us basically forget the hockey stick and the Medieval Warm 
Period, it is a diversion? Is it your position that global warming is 
occurring now in the 20^^ and Century? Human beings are at least 
partially responsible. Our climate will continue to change during the 
next century and we ought to pay attention to it today. Is that fair to say? 

Dr. Cicerone. Well, I wouldn’t say forget the hockey stick and 
efforts to reconstruct because what we can learn, and if we work harder 
we might be able to learn some more about the context, it is still 
important, but, yes, all the other evidence shows us that the climate is 
changing and that the human hand is there causing at least part of the 
warming and that everything we know from physics and chemistry and 
mathematics is that it is going to continue as long as we continue to load 
up the atmosphere with greenhouse gases. 

Mr. Stupak. Do you think it is useful then. Doctor, for us policy 
makers to hold hearings on just one 8-year old study. Dr. Mann’s study, 
that your committee found was not even the principal evidence for the 
conclusion about current warming period? 

Dr. Cicerone. I hope that it has been useful. I have never seen this 
kind of interest before. I think a couple— I have forgotten who said it 
earlier on about that this could be— perhaps it was Mr. Bass, who said this 
could be the beginning of even more serious interest. So I guess I will 
wait and see what happens. 

Mr. Stupak. If there is so much interest in this one and if in the 
Vice President’s book he talks about 928 more peer reviewed articles, so 
that means if we have two hearings for every one of these we would have 
about 1,800 hearings just on global warming. I guess that would be a 
sufficient amount to get everyone’s attention. Let me ask this question if 
I can. There has been a lot of discussion about social networking, and I 
think it is a practice that is not utilized, should not be utilized. Peer 
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review and whether it is an accepted practice, isn’t it, in 
paleoclimatology field, social networking. Dr. Cicerone? 

Dr. Cicerone. No. No, that was I guess kind of an original piece 
work. It is not common. 

Mr. Stupak. Have you looked at or have you reviewed Dr. 
Wegman’s social network analysis of the paleoclimatology field? 

Dr. Cicerone. Last week at the time of the hearing I got a copy and 
I read it. 

Mr. Stupak. I know that the National Academy of Science has 
done research of social networking analysis. Do you have any views you 
would care to share with us about the field of research? 

Dr. Cicerone. Not today. I think there is probably some 
developments that have taken place in the classified arena that I am not 
totally up on that I would like to find out earlier before I would 
comment. 

Mr. Stupak. Is it a relatively new field? 

Dr. Cicerone. Graph theory, the kind of statistical patterns, I think 
so. I haven’t seen it applied to this kind of a field of study before. 

Mr. Stupak. What do you think of Dr. Mann’s social network 
analysis of the paleoclimatology field? Dr. Wegman’s. I am sorry. I 
said Dr. Mann’s. Dr. Wegman’s. 

Dr. Cicerone. I have no further comment. 

Mr. Stupak. Okay. Dr. Wegman, in looking at your report here 
today and your testimony, I am on page 6, if you would, sir, and I am 
looking at the paleo perspective on global warming. And you say these 
are contradictory statements, and I guess I am a little confused on it and 
maybe you could help us out. It says the latest— and I am quoting the 
first here, the first paragraph on page six. You got it there? 

Dr. Wegman. Yes. 

Mr. Stupak. “The latest peer-reviewed paleoclimatic studies 
appear to confirm that the global warmth of the 20^^ Century may not 
necessarily be the warmest time in Earth’s history, what is unique is that 
the warmth is global and cannot be explained by natural forcing 
mechanisms.” And it says also from the same website, and this is a 
NOAA website, “In summary, it appears that the 20^^ Century, and in 
particular the late 20^^ Century, is likely the warmest the Earth has seen 
in at least 1,200 years.” How is that inconsistent? You said 
contradictory statements. How is that contradicting? 

Dr. Wegman. Well, at one stage people are suggesting that it is the 
warmest and another stage it is saying it not necessarily the warmest. 
Being likely is a phrase that has been bandied about quite a bit. 

Mr. Stupak. But aren’t those really different time frames? One is 
talking about 1,200 years, the other one is talking about the 20^^ Century 



732 


and Earth’s history, it seems like, because one says the 20^^ Century and 
particularly the late 20^^ Century is likely the warmest, and the other one 
is talking about the earth’s history. So that is why I didn’t see it as 
inconsistent. One is talking about 20^^ Century, late 20^^ Century, and the 
other one is talking about all of Earth’s history, so that is why I didn’t see 
the inconsistency. Do you see what I am saying, those two statements? 

Dr. Wegman. Yes, sir, I see what you are saying. 

Mr. Stupak. Dr. Mann, if I may ask you a question. I want to go 
back to this social network. Dr. Wegman has hypothesized that you have 
a social network of 42 other scientists and that they cannot independently 
evaluate your work because they have at various times co-authored work 
with you. This may be based on his belief that people who interact 
regularly will foster a common attitude or identity. What is your 
response to that? 

Dr. Mann. Well, frankly, I was a bit baffled by that finding. My 
profession is highly competitive. We often disagree publicly. Scientists 
disagree publicly and in our articles, with each other on certain matters, 
and yet we can co-author on other areas where we agree so there is no 
contradiction in— 

Mr. Stupak. Well, do you have peer review of your articles by 
people who don’t agree with you? 

Dr. Mann. I have probably had articles rejected because of reviews 
by people who were co-authors with me on other articles. In fact, I am 
quite certain that is the case. Of course. Dr. Christy and I are co-authors 
and yet there are a lot of issues in the science that we don’t agree on. So 
I was very surprised by that. I was flattered by that. The implication that 
as a post doc when I started this work back in the late 1990s that I was 
sort of the center of the entire field of climate research but it is as 
incorrect as it is flattering. 

Mr. Stupak. You don’t dominate the thinking of the entire 
paleoclimatology community, do you? 

Dr. Mann. Well, I don’t know if I do now but I am sure I didn’t 
back in the late 1990s. 

Mr. Stupak. My time is up. Thank you, Mr. Chairman. 

Mr. Whitfield. Thank you. At this time I recognize Mr. Steams of 
Florida. 

Mr. Stearns. Thank you, Mr. Chairman. Mr. McIntyre, you are 
the only one who doesn’t have a Ph.D. here on the table so I thought I 
would ask you this question. As I understand your background, your 
undergraduate degree is mathematics. Is that from Oxford? 

Mr. McIntyre. My degree in mathematics was from the University 
of Toronto but I attended Oxford subsequently. I think my stay there 
probably overlapped with that of President Clinton’s. 
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Mr. Stearns. Oh, good. 

Mr. McIntyre. I think we might have played rugby against one 
another. 

Chairman Barton. We hope you did a little more studying than he 
did. 

Mr. Stearns. Well, you know, I just want to give you your due 
here. We have heard in testimony that Drs. Wahl and Ammann have 
reproduced Dr. Mann’s work and shown your criticism to be invalid, and 
I guess— is this true and were your criticism erroneous? I will give you 
an opportunity to respond to that. 

Mr. McIntyre. Well, a couple of points. First of all, the code that 
we used to emulate Dr. Mann’s work reconciles almost exactly with that 
of Wahl and Ammann. And so any conclusions that differ are not 
because of differences in how we have emulated the reconstruction. 
They think that certain steps are fine, we don’t. They have in my opinion 
not carefully considered the implication of bristlecones. Our codes 
reconcile so right now I am confident in our conclusions that if you 
remove the bristlecones you have a major impact on the final results. 

Last December, I met with Ammann in San Francisco and suggested 
to him that since our codes reconciled so closely that it would make 
sense if we co-authored a paper in which we set down the points that we 
agreed on, set down the points we disagreed on in an objective way so 
that we didn’t seem to be launching missiles at one another and creating 
more controversy. I said that we could declare an armistice for 6 weeks 
until we accomplished this, and if we didn’t get to conclusion everybody 
would go back to square one and that each of us could write separate 
appendices, say where we disagreed. 

I formally sent e-mails to him suggesting that. He told me in San 
Francisco that if he did that that that would interfere with his career 
advancement. 

Mr. Stearns. Dr. Wegman, I am going to give you an opportunity 
to respond to some of the testimony today. The testimony of both Dr. 
Gulledge and Dr. Mann draw upon the findings of Dr. Wahl and 
Ammann to suggest your work doesn’t matter. Let me give you an 
opportunity to respond to that. 

Dr. Wegman. Well, I think although the social network analysis 
has been sort of dismissed the amazing thing to me is that these supposed 
independent replications of the original Mann work are done by 
Rutherford et al., which includes the top seven people in the social 
network that we identified last week. Every one of them is in there, and 
they are frequent co-authors with Dr. Mann. So I can hardly see how 
that is an independent replication of his original work. 
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Secondly, on Dr. Mann’s resume he lists Dr. Ammann as one of his 
students as a co-advisor to him although Dr. Ammann does not list him 
as an advisor. But it is clear to me that Wahl and Ammann are not 
independent agents as well. 

Mr. Stearns. And that goes to this idea of the social network you 
are talking about? 

Dr. Wegman. Yes. We never claimed, by the way, that Dr. Mann 
was, in 1998 as a post doc was the center of the social network. What we 
are saying is that subsequently he has 42 co-authors many of whom, 
particularly the top seven in the block we identified, who are frequent co- 
authors with him and co-authors with each other, and there is some 
element of thinking that if they are frequent co-authors they are thinking 
the same way. 

Mr. Stearns. Is there anything else that you have heard Dr. Mann 
say earlier that you would like to comment on? You are welcome to go 
across the spectrum. 

Dr. Wegman. Well, first of all, in the question that Mr. Waxman 
mentioned about the carbon dioxide distribution, that was prefaced by a 
comment by me that I didn’t know anything about this but I suppose, for 
example, that carbon dioxide, so that was purely a hypothetical 
conjecture which I did not mean to be taken as testimony. It was also 
clear in the discussion that even Dr. North talked about a barrier of 
carbon dioxide at high levels of the atmosphere so he gave in his diagram 
an illustration that carbon dioxide was not mixed so that certainly is 
something that should be clarified. I did not mean to testify that carbon 
dioxide sat at the ground level. That certainly was not what I was saying. 

Mr. Stearns. Any other thing that has come up that you wish to 
comment on either that Dr. Mann or others have spoken on or perhaps 
we as members have spoken on you would like to— 

Dr. Wegman. Well, I stand by the statements that I have made and 
particularly in the written testimony that I didn’t get a chance to 
comment on. My own sense is that if you look at, for example, this 
matter of statistical skill, it doesn’t matter that the American 
Meteorological Society says what statistical skill is. Statisticians do not 
recognize that term. I went around to a whole dozen or so of my 
statisticians network and asked them if they knew what they were talking 
about. It is my contention that there is a gulf between the meteorological 
community and the statistical community. 

We examined, for example, this committee that is on probability and 
statistics of the American Meteorological Society. We found only two of 
the nine people in that committee are actually members of the American 
Statistical Association, and in fact one of those people is an assistant 
professor in the medical school whose specialty is bio-statistics. The 
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assertion I have been making is that although this community, the 
meteorological community in general and the paleoclimate community in 
particular, used statistical methods. They are substantially isolated. 
They are using our methods but not talking to us. In contrast, we are not 
doing meteorology and— 

Mr. Stearns. You are talking to them. 

Dr. Wegman. We are talking to them. 

Mr. Stearns. I understand. 

Chairman Barton. Would the gentleman yield just for 
clarification, please? Dr. Mann in his testimony referred to this Dr. 
Ammann and Wahl study who said they have recentered the data and the 
conclusion is the same if I understood him correctly. Could you 
comment on that because one of your points was when you center it 
correctly the conclusions don’t follow. 

Dr. Wegman. The studies are done in different ways. There is the 
so-called CFR methodology, the CPS methodology, and in I believe it 
was Dr. Mann’s 2005 report he illustrates several different studies that do 
this. One of the things that is critical is the set of proxy data that you use 
when you are trying to replicate these studies. And in fact if you use a 
nice set of proxies that all have the same signal in them then it really 
doesn’t matter a whole lot what methodology you use. If you use a very 
mixed set of proxies that have some noise and different kinds of structure 
in it then it does matter what kind of— 

Chairman Barton. It goes to Mr. McIntyre’s point that depending 
on the data set you use it is the result you are going to get. 

Dr. Wegman. That is right. 

Chairman Barton. If I understood him correctly. 

Mr. Stearns. Reclaiming my time. Mr. Christy, Dr. Christy, have 
you read Dr. Wegman’ s report, and, if so, what is your opinion of his 
working conclusion? I understand you are one of the individuals that 
was in the group that developed the National Research Council on 
surface temperature reconstruction of the last 2,000 years, so I would 
appreciate. Dr. Christy, your comment. 

Dr. Christy. This is the short answer. I have not read the report. 

Mr. Stearns. You have not read the report? 

Dr. Christy. No, I am sorry. 

Mr. Stearns. Okay. Dr. Cicerone, you are the President of the 
National Academy of Science. Dr. Wegman is an appointed member of 
the National Academy of Science Board of Mathematical Sciences and 
Their Application. He is chair of the NAS Committee on Applied and 
Theoretical Statistics, highly credentialed in math and statistics, wouldn’t 
you say? Shouldn’t we take his judgments on statistical matters very 
seriously, and don’t they carry significant weight? Would you say his 
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judgment about statistical matters is important and that he has credibility 
based upon those credentials? 

Dr. Cicerone. Yes. 

Mr. Stearns. So there is some attempt by some folks to make 
some of his findings not correct but based upon what you just said this 
man is highly credible in math and statistics and we should take his 
judgment particularly on statistical matters with a high credibility? 

Dr. Cicerone. Yes, but not on the mixing of gases. 

Mr. Stearns. Not on the mixing of gases. All right. Thank you, 
Mr. Chairman. 

Mr. Whitfield. The chair recognizes Mr. Inslee. Oh, no, Ms. 
Schakowsky. I am sorry. Ms. Schakowsky. 

Ms. Schakowsky. Thank you, Mr. Chairman. I want to begin by 
referring to the end of Dr. Christy’s testimony where you drew on a 
certain kind of expertise where you were a missionary in Africa, and you 
end with a plea. And I just want to quote from the testimony. It says, 
speaking of the people in Africa you say, “They are far more vulnerable 
to the impacts of poverty, water, and air pollution, and political strife 
than whatever the climate does.” I actually found that to be a pretty 
strange comment from someone who is the chair of the Earth System 
Science Center and deal with climate. 

And I wanted to actually ask Dr. Cicerone don’t those issues of 
certainly of water and air pollution, et cetera, are they unrelated entirely 
to issues of climate? 

Dr. Cicerone. No. Of course they are related. I don’t know what 
Dr. Christy would answer to the question of what he meant, but, yes, it is 
clearly related. 

Ms. Schakowsky. So I was really confused by that because, first 
of all, I have to tell you I resented that a little bit. I close with a plea to 
remember the needs and aspirations of the poorest amongst us when 
energy policy is made as if to say that those of us who would ask for 
some changes in business as usual and energy as usual somehow are not 
taking into consideration the poor people of Africa. So I found that a 
condescending remark, I have to tell you. 

But are not those things— because I have to tell you. Dr. Christy, that 
precisely for the reasons of the kind of impact it will have on human life 
including drought and exacerbating poverty and even you mention 
political strife, war water actually do worry me a bit. So how do you 
segregate that from climate issues? 

Dr. Christy. Was that water wars? 

Ms. Schakowsky. You said political strife. I would say that if we 
end up with a situation where people are fighting over water or limited 
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food supplies because of drought that that could be related to the climate, 
could it not? 

Dr. Christy. We don’t know what is going to happen, for example, 
with the water cycle as the climate evolves so— 

Ms. SCHAKOWSKY. The overall statement about water and air 
pollution, are they unrelated to climate? 

Dr. Christy. We know today that people die because of water 
pollution, air pollution and those other things. Those are issues that we 
know today and can assess and determine how answers and solutions can 
be found. So those are critical things to do today. And I am sorry if that 
last line came across condescendingly. When you live with the people as 
I did you know that they don’t have much of an advocacy in places. 

Ms. SCHAKOWSKY. Actually in the Congress they do have a number 
of people who care and advocate on their behalf I wanted to get to that 
and it is a perfect lead into the Chairman’s question, and what do we 
know, this was his question, and so I wanted to look at Dr. Gulledge’s 
materials that he provided. And again I would like to ask him or anyone, 
it says in your presentation. Dr. Gulledge, human activities are increasing 
atmospheric greenhouse gases, that that is unequivocally agreed to in the 
scientific community. The Earth is warming unequivocal at an 
unprecedented rate, confident, so somewhat less. 

Warming over past five decades caused primarily by man-made 
greenhouse gases, confident. So let me add one more preface to this 
question that I would like to put to the panel, first of all, the question of 
agreement. We have a panel here where it is three and three, so if there 
is a reporter looking at this they would say, well, there is three people 
who agree with this, three that don’t, so there is a split here. So part of 
my question is does the disagreement over your unequivocal, 
unequivocal, confident on this panel reflect the scientific community in 
any kind of accuracy. And I would like to just question these 
unequivocal and confident ratings. 

Dr. Gulledge. Well, I am not sure if you are describing the panel 
as being three against three on whether they agree with these statements 
or not, but I suspect that it might not fall out exactly that way. 

Ms. SCHAKOWSKY. Okay. 

Dr. Gulledge. It might vary among some of the lower statements 
and then— 

Ms. SCHAKOWSKY. Then let me ask this, let me ask the panel. Is 
there anyone who disagrees with the unequivocal— that it is unequivocal 
that human activities are increasing atmospheric greenhouse gases? Is 
there anybody? Okay, good. That the Earth is warming? Okay. And at 
an unprecedented rate? 

Dr. Christy. What is the confidence level on that? 
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Ms. SCHAKOWSKY. Confident. 

Mr. McIntyre. I don’t know that it is unprecedented. 

Ms. SCHAKOWSKY. Actually I wanted to ask you-I hope you don’t 
think this sounds rude but when I looked at the witness list I see, you 
know, everyone has got kind of a credential and then it just says your 
name, so I wanted to ask you about your credentials, Mr. McIntyre, and 
perhaps it gets into social networks because when I asked for your 
resume what I found was: for the last 16 years I have been an officer and 
director of several small public mineral exploration companies, previous 
to that I worked for a large international mining company, and that 
mainly it is your experience in mineral exploration industry that you tout 
in your resume and your background. I don’t know if that gets to social 
networks or not. 

Mr. McIntyre. Well, in this case this has nothing to do with any 
work that I have ever done. I just became interested in it as a citizen 
when I read the studies, and I thought that politicians were facing 
difficult policy decisions so I thought that it would be interesting to 
examine one particular paper which was being cited by the Canadian 
government. It wasn’t clear to me how people knew that 1998 was the 
warmest year in the millennium, and I was just interested in how— 

Ms. SCHAKOWSKY. So are you qualified to make a judgment on 
whether or not the Earth is warming at an unprecedented rate? 

Mr. McIntyre. For the things that I have published on, my 
statistical and mathematical skills are adequate for what I have published 
on. The findings that we have had about principal components have 
been— 

Ms. SCHAKOWSKY. But are you qualified to comment on whether or 
not the Earth is warming at an unprecedented rate? 

Mr. McIntyre. Well, you asked whether the people knew or didn’t 
know. I am just saying I didn’t know. 

Chairman Barton. Will the gentlelady yield? 

Ms. SCHAKOWSKY. Ycs. 

Chairman Barton. That group is much more qualified than I am 
to comment on these things, and yet I have the responsibility as 
Chairman of the committee to put the bill together to change the way 
Americans work every day if we decide to do something about it. 

Ms. SCHAKOWSKY. Absolutely. Absolutely. 

Chairman Barton. The least qualified-I will stipulate- 

MS. SCHAKOWSKY. And me too. I am with you. 

Chairman Barton. The quality of the commenters is more on that 
side of the dais than at least it is in the Chairman’s chair. I am not going 
to comment on anybody else’s qualifications but in a democracy 
anybody with an opinion is entitled to express that opinion and some are 
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more qualified than others obviously because of their credentials, but I 
don’t think we have a standard of witnesses that says unless you have a 
Ph.D. you cannot testify before— 

Ms. SCHAKOWSKY. Well, actually we are having a— reclaiming my 
time. Actually we are having a conversation today about the science 
here so it is not just about opinion, and it is relevant, I think, to talk 
about. And Dr. Wegman has been pretty up front about what he is 
qualified to testify to and what he is not, and I think that that is fair and it 
is fair to ask for individual’s backgrounds and what their connections or 
interests might be. That is the kind of conversation that we are having. 

But what I really wanted to get to was your question about what is it 
that we know, and if there is pretty wide agreement or no comment 
because you don’t know that human activity is increasing atmospheric 
greenhouse gases and that the Earth is warming and that it has certain 
consequences. Mr. Chairman, when you said that you are a skeptic the 
difficulty of the task at hand to me is not a reason to be a skeptic about 
the science. 

Admittedly, this is a daunting task, and we heard about the 1,000 
nuclear power plants or whatever it could take, but we also heard 
practical suggestions from Dr. Cicerone about energy efficiency that we 
could make a start on this. And so if there is widespread agreement that 
human activity is contributing to this that this climate— that the warming 
of the climate is happening, that it can have very detrimental effects. I 
am anxious to understand why we don’t just move toward solution at this 
point, and that is what I really was getting to so I have over stepped my 
time, and I thank you, Mr. Chairman. 

Mr. Whitfield. Thank you. And at this time I will recognize Mrs. 
Blackburn of Tennessee. 

Mrs. Blackburn. Thank you, Mr. Chairman, and you all are very 
patient with us. As I said in my opening remarks, I think a lot of this is 
born out of curiosity of knowing what the truth is and being able to have 
some answers. And I will tell you one of the reasons I have such an 
interest in this. I have a mom who is 81 years old who has been very 
involved in conservation efforts all of her life. She won the Keep 
America Beautiful Lifetime Achievement Award here about 15 years 
ago, and she is very careful in her instruction to her children and her 
grandchildren that one of the things we have to be very careful about is 
environmental extremism which many times hurts our argument for 
actually being good conservationists and leaving this Earth in better 
shape than we have found it. 

And so when we have studies that seem to go around the horn and 
then they can’t be substantiated and they are coming out as government 
proof as something it does cause us questions. And as I mentioned, we 
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have been through this thing and we have talked about it and I have 
talked about how when I was growing up in the 60s that, the thing was 
that it was going— we were going to be in an ice age or have a return of 
the ice age. And then I guess that there were some schooled scientists, if 
you will, some of your colleagues maybe who found that that was not 
going to be so. 

So I think it is important that we have the opportunity to visit with 
you and find out what is an item of agreement and what is not an item of 
agreement. And, Dr. Mann, if I could have your attention for just a few 
moments if you don’t mind, I would like to direct my question, my 
opening question, to you. You have said that other studies have 
confirmed your results, but it does not appear that their statistical 
analysis has been thoroughly examined, and I wanted to know if you 
would be open to a review by an independent team of top statisticians of 
climate change papers before those papers get published. 

You know, I think Dr. Christy had mentioned that in some of his 
work there were some flaws that were found. He mentioned that in his 
testimony and then they submitted to that. So if we are going to put 
government money into papers should they be reviewed by others other 
than your social network before they are published with government 
funds and considered to be the truth? 

Dr. Mann. Well, I think there is a misunderstanding about the 
nature of peer review as it currently exists with scientific journals, and 
there have been some misstatements along these lines in the previous 
comments by some of the others on this panel. For example, two of the 
studies that have shown that the centering convention in PCA doesn’t 
make a difference in the reconstruction as shown also by Dr. Gulledge 
were done by groups that are entirely independent of me and my 
collaborators, von S torch and Zorita. In fact, von S torch and Zorita and I 
and my collaborators have had vigorous disagreements in the peer 
reviewed literature. 

So one of the studies that actually validated our approach in showing 
that the centering convention doesn’t make a difference was by that 
group. Another scientist at Woods Hole, Peter Huybers, if I could finish 
that, also came up with the same result so there are four different studies, 
only one of which I was connected with that came to that conclusion so 
the peer review process is actually working quite well. 

Mrs. Blackburn. My question to you is do you think that they 
should be submitted for independent review before they get published? 

Dr. Mann. Well, that goes on so again it requires an understanding 
of what the peer review process at the major scientific journals actually 
is. For example, with Nature and Science when they receive a paper that 
involves both statistics and climatology you can be certain that they will 
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seek out leaders in the world’s scientific community in all of the relevant 
areas before they make a decision about the publication of that paper, 
and that is standard in most of the leading journals. 

Mrs. Blackburn. Now let me ask you this then. If your work 
were submitted to an independent group and they had questions or found 
items that needed to be changed would you be willing to make those 
changes prior to that work being published? 

Dr. Mann. Again, as I have tried to convey to this committee in my 
earlier testimony and some of my earlier responses to questions, in fact, 
that has been going on for more than 10 years now. My collaborators 
and I have been re-examining the data. Other groups have been re- 
examining the data, testing different methods, testing the methods with 
climate models simulations, figuring out which methods perform well, 
which methods don’t perform so that process is ongoing. It has been 
going on for more than a decade now and that is how scientific progress 
works. 

Mrs. Blackburn. Thank you. Dr. Wegman, your thoughts on 
those questions? 

Dr. Wegman. Well, I think, first of all, we disagree on, you know— 
Dr. Mann did not answer your question which was if— 

Mrs. Blackburn. Absolutely he did not answer my question. 

Dr. Wegman. If you would submit to a statistical review panel, 
would you be willing to do that. He did not answer that question. And 
one of the troubling aspects of this paleoclimate and the meteorological 
community in general is that they don’t have interaction with statistical 
people even though they used statistical methods heavily. We have 
examined this group in general as I mentioned before with Mr. Steams. 
We have tried to examine this to see the engagement of the 
meteorological community, the paleoclimatology community with the 
statistical community, and it is almost non-existent, so they are not 
interacting with our group although they are using methods that are 
based in the statistical literature. 

I would like to see, frankly, I would like them to be engaged with us. 
I think it would be a good idea. What we were trying to do in our 
testimony was create a path to a better way of doing the science 
essentially saying that these are two groups that should be interacting and 
in some sense it behooves the meteorological community to be 
interacting with us. They are using our methods. We are not using their 
methods. So I think it would be an important thing to do and I— 

Mrs. Beackburn. Let me ask you very quickly too, I had Michael 
Crichton’s testimony that he had before the Senate. Let’s see, I think this 
was in ‘05. And he was talking about having a— that government grants 
should require a replication package which would provide some 
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transparency as part of their funding where posting that package online 
so that saying that if it is funded with government money there is no 
reason to exclude anyone from reviewing the data that is found in 
research. Is that the type thing that you think would be appropriate for 
transparency? 

Dr. Wegman. As I said last week in one of our conclusions, 
basically when there is important public policy and human health 
implications this stuff ought to be subject to exceptionally more intensive 
review. We drew the NIH model out last time talking about the FDA 
and how the FDA requires some statistical consultation just to that the 
drug issue, and it seems to me that in this climate arena this has 
incredibly important implications for society in general, the world in 
general, and I think it ought to be carefully reviewed. The fact is Dr. 
Mann continues to appeal to peer review but the fact is the peer review 
process failed in the 1998 paper. 

Mrs. Blackburn. And you would say that was primarily because it 
was not an independent and separate review outside of that social 
network? 

Dr. Wegman. I believe that is the case. 

Mrs. Blackburn. Okay. Thank you very much. Dr. Christy, let 
me ask you this. There is an article we have gone to a couple different 
times in my office. Energy, Environment and Economics. It was Dr. 
Soon wrote an article. Ten Myths of Global Warming. I don’t know if 
you have seen that or not. Are you— 

Dr. Christy. Sorry, ma’am. I haven’t seen it. 

Mrs. Blackburn. Okay. I know there is so much here that has 
been written. We have killed a lot of trees using all this paper, haven’t 
we? Okay. And he talks about showing the Medieval Warm Period, and 
I was going to ask you to comment on this but since you have not and my 
time has basically expired I will just let that pass. And I thank you. 
Thank you, Mr. Chairman. 

Mr. Whitfield. Thank you. At this time I recognize Mr. Inslee for 
10 minutes. 

Mr. Inslee. Thank you. I think this really is an amazing hearing. It 
is amazing because all six people at this table have all agreed on the 
fundamental thing that this Congress has got to figure out, and that is 
whether CO 2 is going up, whether humans are partially responsible for 
that, and whether that is part of the reason the Earth is getting warmer. 
That is the fundamental issue that Congress faces. And all six people at 
this table agree with those propositions so I have been asking myself why 
if we have unanimity on the fundamental question that we got to ask, has 
Congress not done diddley to do anything about this, and I think the 
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answer is fear, because we fear our inability to deal with it we blind 
ourselves to the science. 

And I think it is a little bit like a person who is shown an X-ray of 
their lung cancer, refusing to believe it because they don’t want to deal 
with it. And I think that is a pretty good metaphor of what is going on 
right here. I want to ask Dr. Cicerone, because I think he represents 
President of the National Academy of Science, how many scientists are 
involved in that organization, by the way? 

Dr. Cicerone. About 2,000 members, but our work is done largely 
by another 6,000 people who are chosen from expertise from different 
fields who are non-members. 

Mr. Inslee. So I figure there is somewhere between 6,000 and 
8,000 scientists that you represent here today, and I am impressed by 
that. The consensus as I understand it in the scientific community is that 
smoking causes lung cancer on a more probable than not basis in certain 
instances. Is it the scientific consensus now on a more probable than not 
basis that increasing CO 2 is associated with global climate change and 
that humans are responsible for increasing CO 2 ? 

Dr. Cicerone. Yes. 

Mr. Inslee. So we can say that we have the same level of 
probability in our belief as to what humans are doing to raise 
temperatures or at least that both are above 50 percent as we do about 
lung cancer, is that a fair statement? 

Dr. Cicerone. I think we understand the mechanics of CO 2 and 
climate better than we do of what causes lung cancer. 

Mr. Inslee. So here we as a country have decided to try to limit and 
reduce the tremendous damage that is done by lung cancer, but we have 
got as good or better science on a global cancer and this Congress hasn’t 
done a single thing to deal with that, and I think that is very, very 
disturbing. Now could I put a slide up here, please, gentlemen, if we 
can? I want to ask Dr. Cicerone to explain something to us. 

If we look at this slide it is going to show the cyclical nature— that is 
not actually the one I want. Yes. If we look at this slide here it shows 
the cyclical nature. It is from Dr. Gulledge’s slides. It will show the 
cyclical nature going back 450,000 years ago moving forward to today. 
We also see CO 2 going down, back up, down, back up, down, back up, 
and we show a natural variability that has occurred before the industrial 
age of from about 190 parts per million to about 290 parts per million, 
and I think that is what Dr. Cicerone referred to as the natural variability 
that has occurred before we started burning coal, oil, gas, and wood. 

Now what I see since the industrial period I have seen this vertical 
curve go up, and it is vertical since the beginning of the industrial period, 
so that now we are at a level, this says about 372. I actually think it is 
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about 382 today. And as I understand it, it is bound again on about a 
vertical curve on this scale to levels of about 550 PPM double, double 
the highest level of CO 2 in pre-industrial ages back 450,000 years. 

So is my understanding of that. Dr. Cicerone, basically accurate that 
we have an accelerated rate of CO 2 that will end up about twice as high 
carbon dioxide, which is a known heat trapping gas in our atmosphere 
that is occasioned since the dawn of the pre-industrial age? 

Dr. Cicerone. Yes, although I don’t think it is necessary that we 
will end up at double CO 2 . And then also we don’t know for sure what 
happened before this time. This is the longest instrumental record we 
have of real data. 

Mr. Inslee. So this is going back as far as we can with real data. 
We are at higher levels by about 130— excuse me, more than that, about 
170 parts per million, is that a fair statement? 

Dr. Cicerone. Above the minimum, yes. 

Mr. Inslee. Now the projections I have seen would suggest that if 
we continue to spew carbon dioxide and methane into the air or carbon 
dioxide into the air the best assessments I have seen we will end about 
double pre-industrial levels by the end of the century. Could you give us 
your best estimate of that or comment on that at all? 

Dr. Cicerone. Oh, by the end of the century. It depends on human 
population. It depends on our energy usage and what technologies we 
are using to produce the energy so you have to make assumptions about 
human population, how much energy we will use, and what the 
technologies will be. Double CO 2 is certainly plausible. It really 
depends on what humans do. 

Mr. Inslee. And it depends on what this Congress does, and what 
Congress should do is what British Petroleum has done. British 
Petroleum 7 or 8 years ago decided they were going to meet Kyoto 
targets. Maybe it was 5 years ago. And in 3 years they met their Kyoto 
targets in their internal operations. They reduced their CO 2 as much in 
their internal operations as the Kyoto targets would require. You know 
what they did? They saved $350 million in wasted energy when they 
decided to adopt efficiencies of the type that Dr. Cicerone talked about. 

The other thing we will do is try to get these plants started. Right 
down the hallway here yesterday I met with these guys, logen 
Corporation. They are going to open up the first cellulosic ethanol plant 
in southeastern Idaho. When they do that, we will power our cars on E- 
85 ethanol. We will reduce our CO 2 emissions per mile by 80 percent or 
more. They actually think it may actually be negative because of some 
of the stuff you grow actually takes carbon out of the air and puts it into 
the soil. It might actually be negative. 
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This is the kind of thing we need to do, and we are not going to do 
that until we come to grasp what this science really is. I want to ask— I 
think there is just such an overwhelming consensus of— I will just read 
the Academy of Science report. “The IPCC’s conclusion that most of the 
observed warming of the last 50 years is likely to have been due to the 
increase in greenhouse gas concentrations accurately reflects the current 
thinking of the scientific community on this issue.” That is a direct quote 
from the National Academy of Science. Now there has been some issues 
brought about Dr. Mann’s studies. There has been some questions about 
Dr. Christy’s studies. I frankly think there are some legitimate questions 
about the statistical assessments, and the first one Dr. Mann did, I think 
they have been changed a little bit since then, I think the same could be 
said for Dr. Christy, but I guess the question I have. Dr. Cicerone, if Mr. 
and Mrs. Mann had never met and we never had the services of Dr. 
Mann, would that have varied the conclusion of the National Academy of 
Sciences on these fundamental questions? 

Dr. Cicerone. You must be referring to his parents and not his 
wife. 

Mr. Inslee. I am indeed. 

Dr. Cicerone. I don’t think so. 

Mr. Inslee. And why do you say that? In other words, if Dr. 
Mann’s work had just never appeared, and, by the way, I respect it and I 
think it has added to the debate but if his work had never occurred why 
do you think the Academy of Science would still reach the same 
fundamental conclusions? 

Dr. Cicerone. Because of the blending of the physical evidence, 
the mathematical rigor and the comparisons that can be made now with 
the predictions and the actual records of the last 30 years especially. 

Mr. Inslee. And I have a chart here, gentlemen, if you can put it up 
here of ice core data. I think it might be the last slide on the series that I 
had introduced. If you have the groupings of the one that I had brought 
today. This is just another representation of the CO 2 . There should be 
one more slide. You are not finding it right now. Let’s keep going. Just 
go through these quickly. Right there. Okay. This is a slide basically 
showing ice core data and we show CO 2 , and if I can read this basically 
this is methane at the top, carbon dioxide here, from ice core data 
showing these levels, only it goes backwards. These are today’s dates. 
This goes back 400,000 years. These are today’s dates showing CO 2 
levels higher in ice core data than at any time in the last I believe it is 
400,000 years. It should be 600,000 years. 

If you can. Dr. Cicerone, can you describe how that ice core data 
work through the deuterium isotopes, if you can just give us a quick 
description. 
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Dr. Cicerone. I mentioned earlier the way the gases are pulled out 
of these dated ice cores. With CO 2 you can do it two ways. With 
methane you can do it two ways. With nitros oxide you get similar 
results, low when it was cold, high when it was warm. The deduction of 
temperatures at the same time depends on the different isotopes, the 
different forms of the same chemical like carbon, the same element in 
carbon, in this case oxygen and hydrogen where because the way they 
evaporate a gas like water evaporates differently if it has heavy hydrogen 
in it, deuterium, for example, or oxygen 18 instead of 0-16. 

We can go back and infer what the temperature was in the vicinity of 
the ice when it formed or the snow in this case which later becomes ice. 
These records are pretty widely used now, and under certain 
circumstances they are absolutely the best we can do. They are very 
quantitative. The statistics are clear. There is some concern over 
whether the temperature at which the snow formed that made the ice was 
really a global or a hemispherically average temperature or did it just 
reflect what was happening regionally, but there you can go into how 
much 0-18 was in the oceans and the changes are big enough that you 
can infer a pretty good geographical validity of these temperature 
deductions as well as the carbon dioxide. 

Mr. Inslee. Thank you, and thank you all for your testimony today. 

Mr. Whitfield. We may just have a short second round here. I am 
going to recognize the Chairman of the full committee for 5 minutes. 

Chairman Barton. Yeah, and I have to go so I apologize for 
going out of order. This is today’s USA Today newspaper, the 
temperature map on the back. It shows the high temperature was 126 
degrees Fahrenheit and the low temperature was 43 degrees Fahrenheit. 
That is yesterday. Is there a model in existence that can replicate this 
with any degree of accuracy? This is yesterday’s temperature. Dr. 
Mann, do you have a model that can do that? This is just one country. 

Dr. Mann. I personally do not. 

Chairman Barton. We have got an 83 degree difference on one 
day out of 365 days in one country. 

Dr. Mann. If I can just talk a little bit to that. 

Chairman Barton. I only have 4 minutes and— 

Dr. Mann. I will make it quick. 

Chairman Barton. Dr. Christy, you are the meteorologist, I think, 
for Alabama. Do you have a model that could even do this in Alabama? 

Dr. Christy. No, sir, we wish we did. 

Chairman Barton. Okay. Now did you want to comment. Dr. 
Cicerone? 

Dr. Cicerone. I would. Chairman Barton, you said any degree of 
accuracy. That gives us some room. The British meteorological office is 
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probably the world’s best. They are in the Ministry of Defense in 
England. Their models have pretty good predictive capability. If you 
average over a few days and you say let’s not argue about the difference 
between San Francisco and Marin County or San Antonio and El Paso. 
If you average over enough space in time they can hit that. The models 
at Penn State University are excellent. The National Weather Service 
can give you some degree of accuracy and predictability, and they can 
reproduce a lot of those patterns. 

Chairman Barton. Well, my point is, and I am not trying to be 
cute about this, in preparing for last week’s hearing I read the summary 
and I read most of the report of the National Academy of Sciences here, 
the National Research Council. I read Dr. Wegman’s report. And 
somewhere in those two reports it said the data sets they use to base all 
these models on in the whole world there are like 60 or less data sets. 
There are just not a lot of data, and we are trying to make predictions 
over thousands of years. Even where we have really good records for the 
last hundred years, and some of the most advanced satellites and smart 
people that put these computer models together with hundreds of 
variables, we can’t really predict after the fact yesterday’s weather with 
too much accuracy, and yet to go to Dr. Christy’s point if we accept 
Congressman Inslee’s point that we need to be in solution mode a 
thousand nuclear power plants by themselves is a trillion and a half 
dollars, and that will get you a CO 2 reduction of 10 percent. 

There are somewhere between 5,000 and 10,000 power plants in this 
country. Now I don’t know exactly but I know there are only 100— I 
think 112 operating nuclear plants of those between 5,000 and 10,000. 
And that is just one part of the economy. We have got 300 million cars 
and trucks. We have a lot. I mean, it is not scientifically accurate but we 
have got a boon’ doggie worth of economic consequences if we really go 
where Mr. Inslee says we ought to be going. And I am not dogmatic 
about it. I am concerned when I hear Dr. Cicerone say that the parts per 
billion of CO 2 in the atmosphere is 100 parts per million higher than it 
ever has been. 

Now that has got to give anybody pause to think, but I look at all 
these charts and all these data sets and I can’t back it up, but it would 
certainly appear to me to be plausible, to use that term again, that the 
Earth is always changing temperature. It is either in a warming period or 
a cooling period. It appears that it is a curve function. It appears that it 
is over the same general period of time and it certainly appears that in the 
last 100 years that the upward curve has accelerated at a more rapid rate 
than say a thousand years ago. But it is not clear what, if anything, we 
can do to change that basic system. And so before we go off the deep 
end I really do want to make sure that these models are independently 
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reviewed and really are scientifically accurate and really can be 
replicated. And I really do want to know what the confidence levels are. 
We are going to get to problem solution, and we are going to have a huge 
debate about that. But since we can’t even predict with much accuracy 
what yesterday’s temperature was, it is a little bit much to ask us to make 
multi-trillion dollar decisions on models that 10 years ago when Dr. 
Mann put out his report, he was the first one, and even today most of the 
people that are doing the modeling are some part of his network, which is 
not a bad thing. It shows you operate with a lot of smart people that care 
a lot about the environment. 

But it doesn’t mean that the United States government makes trillion 
dollar changes in public policy until we get a little bit more information 
about that, and that is why we are doing these hearings. And so I 
apologize for going another minute over but I thank you, Mr. Chairman, 
for holding this, and I thank the members, Mr. Inslee and Mr. Stupak and 
Mrs. Blackburn for being here. I wish every member of the Oversight 
Subcommittee was here. I wish we had more intensity on this so that we 
could get more involved. Thank you, Mr. Chairman. 

Mr. Whitfield. Thank you. Dr. Mann, did you want to make a 
comment? 

Dr. Mann. I just wanted to clarify a distinction here in this 
discussion. On the one hand we are talking about weather, and that is the 
day-to-day fluctuations and the character of the atmosphere, and in the 
other cases we are talking about climate and there is a very important 
distinction between the two. Climate is the statistics, the long-term 
statistics of the weather, and there are certain things that we can say very 
well about climate. 

Chairman Barton. But your model is predicting temperature 
change. 

Dr. Mann. It is not a model. 

Chairman Barton. That may be the variable but that is the 
variable, and we are talking about catastrophic consequences with 3 to 4 
degree Fahrenheit changes. 

Dr. Mann. That is the point. It is not a model. A model is a set of 
numerical equations that we try to solve the equations that describe the 
atmosphere and the ocean. Our reconstructions aren’t that. They are not 
a model. The models are a completely different thing, and there are 
weather forecasting models as well as climate models, and in certain 
things the climate models are quite good. We are doing very well now in 
predicting El Ninos. 

Chairman Barton. What term should I be using? Not model. 
Program, algorithm? 
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Dr. Mann. They are statistical reconstructions and data and then 
there are the models, and I just wanted to make that distinction. 
Chairman Barton. I stand corrected. 

Mr. Whitfield. I just have one other question I would like to ask 
because we have heard a lot today about core samples, and I have been 
sort of interested in this chart that Mr. Inslee brought in showing CO 2 
concentrations and from that extrapolating temperatures. And I would 
just ask Mann and Christy and Cicerone once again, I didn’t really ask 
this question before, but I would like for you to tell us the facts about the 
reliability of the ice core samples. And we have heard a lot of comments 
about using that to determine CO 2 and then the question is using ice core 
samples as historical thermometers. Can they really be considered 
accurate thermometers. Can you take those CO 2 levels from ice cores 
and extrapolate in an accurate way? 

Dr. Mann. I will take the first stab at that. There are certain 
physical processes and there are basic physical processes that control the 
ratio of different isotopes, of oxygen in the ice, the water that is in solid 
form, it is ice trapped in those ice cores, and so it is on a somewhat 
different footing from some of the other sorts of proxies like tree rings 
that we use where we are relying on some biological relationship. 

In the case of ice core isotopes it is really physics. It is physics that 
is controlling the ratio of the different isotopes of oxygen and that is 
telling us something about the sea surface temperatures when the water 
evaporated from the ocean because the ice that is deposited at some point 
had to evaporate from the ocean surface. It also tells us something about 
the local conditions when the ice was deposited. Both the evaporation 
and the deposition depend— they influence the ratio of those isotopes. 

Dr. Christy. Just in terms of the temperatures, reproducing 
temperatures from them? 

Mr. Whitfield. Yes. 

Dr. Christy. The closer you get to the poles, the better the 
temperature relationship is. I think in the NAS report we show six 
tropical and Tibetan ice cores and they are all different. All six of them 
are different. But the closer you get to the poles the relationship looks a 
lot better there. 

Mr. Whitfield. Okay. Do you have anything to add. Dr. 
Cicerone? Okay. Yes. Mr. Waxman had asked we enter into the record 
the remote sensing system letter which we will do and you asked about 
the interface stewardship alliance which we will do. And then we are 
going to keep the record open for 30 days. And does anyone else have 
any comments? 

Mr. Stupak. If I may, Mr. Chairman. We were talking earlier, I 
was going to start off my questioning and we were talking about the 
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Fortran, and I was joking with the Chairman so I forgot to ask these 
questions. Dr. Wegman, in your report you state that, and I am quoting 
now, “We judge that the sharing of research materials data and results by 
Dr. Mann was haphazardly and grudgingly done.” You also go on to 
state that Dr. Mann— you had trouble reading Dr. Mann’s code in part 
because it was in Fortran and that you had trouble understanding some of 
the data that Dr. Mann used. 

Did you or your co-authors contact Mr. McIntyre and get his help in 
replicating his work? 

Dr. Wegman. Actually, no. What I did do was I called Mr. 
McIntyre and said that when we downloaded his code we could not get it 
to work either, and it was unfortunate that he was criticizing Dr. Mann 
when in fact he was in exactly the same situation. Subsequently, he 
reposted his code to make it more user friendly and we did download it 
subsequently and verified that it would work. 

Mr. Stupak. And then after you re-downloaded and verified it 
worked, did you have any further contact with Mr. McIntyre then? 

Dr. Wegman. Well, as I testified last week. Dr. Said and myself 
had gone to one of the meetings where he was talking, and we spoke 
with him but did not identify who we were at the time. This was early in 
the phase. Subsequently, I had had no contact with him until basically 
last week. 

Mr. Stupak. Okay. Any of your co-authors that you know of. Dr. 
Said or any others, have contact with Mr. McIntyre other than that one 
time at this convention or wherever he was speaking? 

Dr. Wegman. One of my graduate students, John Rigsby, who did 
the code for us, worked the code for us, did have some interaction with 
him in order to verify some of the details of the code. 

Mr. Stupak. So you. Dr. Said and this Mr. Rigsby would be the 
people who had contact with Mr. McIntyre then? 

Dr. Wegman. That is correct, yes. 

Mr. Stupak. Thank you. Nothing further. 

Mr. Whitfieed. Mr. Inslee, do you have any— 

Mr. Inseee. I just want to comment in response to Chairman 
Barton’s comment about the 1,000 or 10,000 nuclear plants he posited 
might be necessary. I really— and I don’t want to get in debate about 
nuclear but I am really much more optimistic about that, and the reason I 
say that is that we have been so successful in improving the efficiency of 
our economy because of the intellectual capital of men and women like 
you who have helped us develop technologies to be much more efficient. 
Let me give you an example. 

We actually per unit of gross domestic product use almost half as 
much energy as we did in 1973. You think about that. Since 1973 our 
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economy produces twice as much domestic product with the same 
amount of energy that it did in 1973, and there is just no reason on this 
green Earth that all of a sudden we got stupid, that we are not going to be 
able to continue as the most brilliant society on Earth and innovation to 
continue those efficiency innovations. 

And they are not rocket science. Three of my neighbors drive cars 
that have already reduced their transportation related CO 2 by 50 percent. 
The Chairman talked about the need to reduce our emissions by 40 
percent to meet Kyoto. Three of my neighbors and myself, I may add, 
have already reduced ours by 50 percent in our transportation sector. 
Simple. They are on the lots today. This is no new technology. So I just 
want to say in partial closing that I am a person, as my comments have 
indicated, who believe this is a major challenge for us and that we have 
to act, and it is well past the date where we need to move to solutions 
rather than debating the problem. 

But I also believe that I am an optimist because I totally believe it is 
in the human— it is capable because of our intellectual ability to invent 
our way out of this pickle. And those who are people of great faith, 
because the faith community is now becoming engaged in this debate, 
because we are stewards of God’s creation, and they are starting to urge 
Congress to act as well. We also ought to be optimists and believe we 
can do it. 

And I got to tell you, in the last 3 weeks I have met five people, one 
in cellulosic ethanol, one in wave power, one in efficiency in cars, one in 
efficiency in airplanes the Boeing 787 we are building in Seattle is going 
to get 20 percent better fuel mileage than their last model. These are the 
kind of things that America is going to do when we tackle this. So I just 
hope that this is a first step toward moving just one quick question. Dr. 
Cicerone. I have heard there has been some new evidence about finding 
large amounts of energy in the ocean that has suggested that this is sort 
of new research to indicate in the last 12 months. Is this something I am 
dreaming or is there new research in that regard? 

Dr. Cicerone. Maybe methane clath rates would be the only thing I 
am— 

Mr. Inseee. I am sorry. What I mean is as far as we found 
temperature increases in the oceans that have— 

Dr. Cicerone. Oh, yeah. The result was reported about a year and 
a half ago about over the last 40 or 45 years the oceans, the upper 700 
meters or so have warmed up, and I summarize it very briefly in my 
testimony, yes. 

Mr. Inseee. And I will put in the record a study called Penetration 
of Human-Induced Warming into the World’s Oceans. It is published in 
Science in July, 2005. Many people thought this was sort of the nail in 
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the coffin of skeptics about global warming. And again thank you for 
your testimony. 
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lized by resonance, such as occurs in benzene. 
Tlie structures shown in Fig. 5B would nor- 
mally be found in charge density wave ground 
states, but instead they are equally contrib- 
uting resonance structures. Particularly in one 
dimension, the energy of delocalized sys- 
tems is usually lowered by distortions. We 
recently reported the preparation and solid- 
state characterization of radical 4, although we 
were unable to rationalize its electronic strac- 
ture and properties (// ). Compound 4 crystal- 
lizes as a highly one-dimensional but uniformly 
spaced it-sfep structure, and the magnetism 
may be fit to the antiferromagnetic Heisenberg 
S = 4 linear chain model (Fig. 5D). Despite its 
relatively large bandwidth, the absence of a 
superlattice, and its unifoim stacking, com- 
pound 4 has of 1.4 X 10~3 s/cm, and the 
electronic structure of this compound is best 
rationalized by the one-dimensional RVB 
ground state (Fig. 5E). The primary mode of 
interaction in 5 consists of a linear chain of 
almost perfectly si^erimposed g-dimers, in 
which all of the spin-bearing carbon atoms 
are in registry. The .structure of 4 places 
neighboring molecules in the stack such that 
they can only interact through the oveilap of 
one pair of active (spin-bearing) caibon atoms 
per phenalenyl unit, leading to the n-step 
stracture in which the remaining four active 


Wide-ranging evidence shows that Earth has 
been warming in recent decades (/). Observa- 
tions show' that -84% of the total beating of the 
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Earth system (oceans, atmosphere, continents, 
and cryosphere) over the last 40 years has gone 
into warming the oceans (2). Therefore, if one 
wishes to understand and explain this warm- 
ing, the oceans are clearly the place to look. 

There have been only a few studies that 
have tried to both detect (i.e., differentiate 
from exiiected natmal variability) and attribute 
(i.e., ascribe a cause to) the observed ocean 
warming signal (J-^!). All used the equivalent 
of a .single ocean-basin temperature measure 
and tracked its change with time. This 
approach neglects information on how the 
warming penetrates vertically into the ocean. 
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and variations of the penetration fi om basin to 
basin. The .studies all suggest hiunan impacts 
on the oceans, but some did not consider the 
possibility that the observed wamiing was due 
to natural external forcing such as solar 
variability or volcanic activity. 

Here w'e investigate the warming since 
1960 on an ocean-by-ocean basis and focus 
on how the signal penetrates down into the 
ocean. We use a recently upgraded and much 
expanded observed ocean data set (2), which 
provides the best available description of the 
ocean’s wanning signal and its evolution 
through time. In addition to examining these 
observational data, we compare them to sim- 
ulations from two independent climate models, 
the Parallel Climate Model (PCM) (9) and the 
Hadley Centre model (HadCM3) {W). We 
then use the results of numerical experiments 
with these models to attiibute the causes of the 
observed warming. The models allow gross 
heat budgets to be constructed by basin; these 
show that changes in net surface heat flux 
combine with advection at depth to give the 
observed signal. 

We first define a model-based “fingerprint” 
describing the warming signal at each vertical 
level using the geographical and temporal 
variability of ocean temperature (11). The 
observations, projected onto this fingerprint at 
each level, show that the strength of the wami- 
ing signal varies fi-om ocean to ocean (JJ) 
(Fig. 1). The warming e.xtends to depths of 


Penetration of Human-Induced 
Warming into the World's Oceans 

Tim P, Barnett,^* David W. Pierce,^ Krishna M. AchutaRao,^ 
Peter J. Gleckler,^ Benjamin D, Santer,^ Jonathan M. Gregory,^ 
Warren M. Washington^ 

A warming signal has penetrated into the world's oceans over the past 40 years. 
The signal is complex, with a vertical structure that varies widely by ocean; it 
cannot be explained by natural internal climate variability or solar and volcanic 
forcing, but is well simulated by two anthropogenically forced climate models. 
We conclude that it is of human origin, a conclusion robust to observational 
sampling and model differences. Changes in advection combine with surface 
forcing to give the overall warming pattern. The implications of this study 
suggest that society needs to seriously consider model predictions of future 
climate change. 
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700 m or more in both the North and South 
Atlantic oceans, but is largely confined to the 
upper 100 m of the northern Pacific and 
northern Indian oceans. The northern Indian 
Ocean is particularly unusual in that it has a 
subsurface maximum. Both the northern and 
southern Pacific Ocean show a sign reversal in 
the warming signals, indicating a cooling at 
~I50-m depth. These differences between 
oceans constitute the spatial stmcture of the 
warming fingerprint. The final dimension of 
the signal is the temporal evolution of the dif- 
ferences. Because we are interested in low- 
frequency variations, we use decadal time 
averages to describe this time evolution. 

Our purpose is to understand the origin of 
this complex time- and space-dqxjndent .sig- 
nal. We explore three possible causes: natural 
variability internal to the coupled ocean- 
atmosphere system; external natural variabili- 
ty, such as solar or volcanic forcing; and 
forcing arising from human activity [emission 
of greenhouse gases (GHGs) and sulfate 
aerosols]. 

The likelihood that natural internal climate 
variability is the cause of the observ'ed 
warming signal can be examined by analyzing 
a long control run of the PCM; i.e., how well 
did natural internal variability in the control 
run project onto the wanning fingerprint (77)? 
This approach was used in earlier work (5) and 
is a variant of standard detection and attribu- 
tion analysis (72-75). It hits the advantage of 
having a simple geometric explanation while 
being rigorous in a statistical sense (77). 

The sriength of the warming signal in the 
control run (sampled in the same places as the 
observ'ations) is shown in Fig. 2 for each 
ocean. This gives some indication of the 
fluchiations in signal strength that one might 
expect due to natural internal variabilitj' alone. 
Because we had multiple realizations of the 
40-year time period in the control runs, we can 
show the 90% confidence limits of the natural 
variability by the hatched region. Also shown 
is the signal strength in the observations (red 
dots) from Fig. 1 . The illustration demonstrates 
that the warming signal is far stronger than 
would be expected fiom natural internal varia- 
bility, as estimated by the model. To assess 
whether the model’s estimate of natural 
variability' is reasonable, we comptued the 
levels of variance in the control run at decadal 
time scales to those observed and found that 
they matched reasonably well { 16 ) (supporting 
online text). Therefore, the control run 
variations are a reasonable representation of 
natural internal variability, at least on the 
decadal time scales of interest here. 

Another possiible candidate for the wtuming 
signal is natural variability external to the 
ocean-atmosphere system, such as solar varia- 
bility or volcanic emptions (“SV” forcing). 
We explored this possibility by analyzing 
PCM runs forced by estimates of observed 


.solar variability and volcanic aerosol loadings 
(7 7). The results of four such runs were com- 
bined and the vvarming signal strength esti- 
mated in the SV data set. The results (Fig. 2) 
show that in none of the oceans can the S V 
forcing (green triangles) replicate the observed 
wanning. Indeed, at these space and time scales. 


Reports 

the SV forcing produces signal .strengths indis- 
tinguishable from those expected from natural 
internal variability (hatched region). 

The final candidate for explaining the 
signal is anthropogenic factors, such as well- 
mixed GHGs and .sulfate aerosol particles. We 
examined this possibility in an ensemble of 


Fig. 1. Wanning signal 
strength by ocean and 
depth. The dots repre- 
sent the projection of 
the observed tempera- 
ture changes onto the 
model-based pattern 
of warming. They show 
substantial basin-to- 
basin differences in 
how the oceans have 
warmed over the past 
40 years, although all 
oceans have experi- 
enced net wanning over 
that intervaL The hori- 
zontal bars represent 
the +2SD limits asso- 
ciated with sampling 
uncertainty. 




Fig. 2. Multiple realiza- 
tions from the PCM 
control run allowed es- 
timation of the proba- 
bility distribution of 
signal strength associ- 
ated with natural in- 
ternal variability. The 
hatched region rep- 
resents the 90% confi- 
dence limits of the 
natural internal varia- 
bility signal strength. 

The observed signal 
strength (red dots) 
bears little resemblance 
to that expected from 
natural internal varia- 
bility. The ensemble- 
averaged strength of 

the warming signal in four runs forced by observed solar and volcanic variability (green triangles) is 
also shown. There is no agreement between the two. The solar plus volcanic signals are generally 
indistin^ishable from those expected from natural internal variability alone on the time and space scales 
used in this study. 


Fig. 3. Anthropogenic 
forcing signal strength 
(green hatched region) 
compared to that ob- 
tained from the obser- 
vations (red dots). There 
is excellent agreement 
at most depths in all 
oceans. The hatched 
region shows the range 
of the signal strength 
estimates from five dif- 
ferent realizations of 
identically forced sim- 
ulation with the PCM, 
whereas the smaller 
^een dots within the 
region are the individu- 
al realizations. 
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five PCM runs with such forcing (17, 18). The 
results (Fig. 3) show the range of the signal 
strength in five scenario runs by ocean and 
depth (hatched aiea) in comparison with the 
obsercrations (red dots). An ocean-by-ocean 
and depth-by-dqrth comparison shows that the 
agreement is compelling. The immediate con- 
clusion is that human influences are largely re- 
sponsible for the wamiing signal. This level of 
agreement could not have been tuned into the 
models, because the fingerprint is too complex 
in space and time. Further, about half of the 
observations used in this study were not avail- 
able when the computer simulations were run. 

The different response of individual oceans 
to GHG forcing is an interesting finding. The 
physical reasons for this are fairly well known, 
with one major surprise. For instance, it is well 
known that deep convection is characteristic of 
both the North and South Atlantic oceans (19). 
That explains why the warming signal pene- 
trates relatively deeply in these oceans. In 
contrast, the northern Pacific Occiin is charac- 



Fig. 4. Cross heat budget by ocean showing the 
important role that heat advection by ocean 
currents plays in the anthropogenic warming of 
the world’s oceans. The PCM’s net ocean surface 
heat flux averaged over 1 940 to 1 999 is shown by 
the "NSHF" bars, the modeled changes in ocean 
basin heat storage by the "Stor" bars, and the 
advection of heat by ocean currents needed to 
close the heat budget by the "Adv" bars. The 
latter was obtained as a residual from the first 
two estimates. The uncertainty bars indicate 
±1SD based on the ensemble spread. The actual 
energy change Qoules) over the time period 
has been normalized by surface area of respec- 
tive oceans to give the average heating rate in 
W/m^. This normalization makes it appear that 
the net advection over the globe is nonzero, a 
condition that vanishes using the area-weighted 
fluxes. 


terized by a rather shallow meridional over- 
fuming circulation (20) that tends to isolate the 
surface layers from the deeper ocean. It is also 
hue that no deep water is formed in the 
northern Pacific. Both physical properties act 
to confine the signal to the upper ocean. The 
same situation is thought to hold over much of 
the southern Indian Ocetm. 

One notable feature from the observed and 
modeled signal strength (Figs. 1 and 3) is the 
negative lobe at 150- to 200-m depth in the 
Pacific. The simulation that captured this 
signal show'ed that it is associated with a 
thinning of the western Pacific warm pool 
associated with shoaling of the deeper iso- 
therms, which has also been observed in the 
Pacific since the 1970s (20). 

The major surprise is the northern Indian 
Ocean, which has rather shallow signal pene- 
tration and a subsurface maximum in signal 
strength. The heat budget for this region (Fig. 
4) shows tliat it is the only basin where the 
ensemble variability includes zero for the net 
surface heat flux, and where advective 
warming is the dominant cause of the basin 
temperature change over the last 60 years in 
PCM. This result is likely due to the cancel- 
lation of GHG warming by sulfate aerosol 
cooling, a result recently found from direct 
observations (21). Further simulations have 
shown that carbon aerosols also play a role in 
this effect (22), but are not included in the 
simulations of this paper. Hence the warming 
of this ocean over the past 60 years in the 
simulation was largely due to changes in 
advection. Recent observations show a .slowing 
of the shallow meridional circulation cell in 
the Indian Ocean such that advection from 
northern to southern Indian Ocean is reduced, 
leading to a net wanning of the northern 
Indian Ocetm (23), a result in accord with the 
model predictions. Indeed, inspection of the 
partition of net surface air/sea heat exchange 
and advection for the various oceans (Fig. 4) 
shows that in several basins, changes in 
advection of heat by ocean currents re- 
distribute the heat gained from the anthropo- 


genic forcing, and so are important to 
deteimining the stiucture and evolution of the 
warming signal in the oceans [compare (7)]. 

The normalization by surface tuea used in 
Fig. 4 removes the geometric impact of ocean 
size on our results. It also makes clear that the 
southern oceans are absorbing more heat per 
unit area than are the northern oceans. We 
suggest that this is again due to the smaller 
aerosol concentrations over the southern 
oceans. They do not have the same near- 
canceling effects observed in the more polluted 
Northern Hemisphere (21, 22). 

Is PCM unique in being able to capture the 
complex observed signal'.? To address this 
question, we repeated the analysis with 
HadCM3, which was developed at the Hadley 
Centre independently of PCM. The four 
realizations from this model were the “All” 
forcings runs, w’hich combined a variety of 
forcings [GHG, solar, volcanic, aerosols, etc. 
(24)]. HadCMS’s warming fingerprint (not 
shown) is little different from PCM’s, but we 
use exclusively PCM’s fingerprint here for 
consistency. The results from HadCM3 are 
compared to obseivations in Fig. 5. Using the 
HadCM3 fingerprint gives even better agree- 
ment (not shown), as one would expect. In any 
event, Figs. 3 and 5 show that PCM and 
HadCM3 both reflect reasonably welt the 
evolution and spatial characteristics of the 
warming signal. 

An interesting feature of the above result is 
that the PCM and HadCM3 are very dilTerent 
models. In the simulations used here, their 
forcings are also rather different. How could 
they give very similar evolutions of ocean 
temperature? Whatever the combinations of 
forcing used by the two modeling groups, the 
net forcing at the surface of the ocean had to 
be essentially the .same. Inspection of each 
model’s surface heat flux fields, in so far as 
possible, shows this to be the case. The details 
of the atmospheric forcing and climate feed- 
backs that go into producing that net value do 
not iiffect the overall oceanic response. The 
story may be ditferent in the atmosphere. 



Fig. 5. Comparison of 
the model-predicted 
anthropogenic signals 
between HadCM3 and 
observations for the 
oceans. The format is 
desaibed in Fig. 3. Com- 
parison of Figs. 3 and 5 
shows that both mod- 
els capture the main 
structure of the signal 
in the observations. 
These figures were 
derived by using the 
warming signal defined 
by PCM as the basis set 
to allow a consistent 
comparison. 
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It is also important to investigate the in- 
fluence of the upgraded data set (2), sampling, 
and model unceitainties on our conclusions. In 
all our results, we use a sampling strategy that 
compares model and observations only where 
observations exist; we do not use the infilled or 
interpolated data set (//). As a test, however, 
we repeated the analysis using the infilled data 
and found that it made no difference to the 
conclusions. More details on tliese sampling 
issues are found in {16). We also estimated the 
impact that model enors might have on the 
results. Multiple models run with the same 
GHG forcing (25) show a factor of 2 dif- 
ference in ocean basin heat content after 80 
years of integration {26, 27). We estimated the 
effect that this had in the detection scheme and 
still found robust detection results above the 
level of natural variability (76). Therefore, the 
conclusion that the observed ocean warming is 
due to human influences is robust to major 
perturbations of both the observ'ed data set and 
model error. 

The implications of our results go far 
beyond identifying the reasons for ocean 
warming. First, they show that uncertainties 
in the models used here are too small to affect 
the conclusion attributing the historic ocean 
warming signal to anthropogenic forcings, at 
least for the temperature-driven part of the 
signal. Second, taking these new results with 
those obtained in the last few years [e.g., 
(7, 28-30y, see Ccirlier detection studies cited 
above] leaves little doubt that there is a 
human-induced signal in the environment. 
Third, because the hi.storical changes have 
been well simulated, future changes predicted 


Humans are thought to have colonized Aus- 
tralia between 55 and 45 thousand years ago 
(ka) (7 -5), and most of its large animals 
became extinct between 50 and 45 ka (6, 7). 
The 60 taxa known to have become extinct 


by these global models are apt to be reasonably 
good, at least out to, say, 20 to 30 years into 
the future. How to respond to the serious 
problems posed by these predictions is a 
question that society must decide. 
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tuiimal size may have played a role (i!). In- 
ferential evidence of vegetation reorganization 
and a changed fire regime beginning 45 ka 
is recorded in terrestrial {9, 10) and marine 
{II, 12) .sediment cores. But no records of 
ecosystem status through this time inter\'al 
are available from the vast seraiarid zone. 
We used isotopic tracers of diet preserved 
in avian eggshells and marsupial teeth {13, 14) 
to monitor ecosystems before and after human 
colonization. These dietary reconstructions doc- 
ument ecosystem collapse across the semiarid 
zone between 50 and 45 ka. 

We recovered eggshells of the Australian 
emu Dromaius novaehollandiae and the ex- 
tinct giant flightless bird Genyornis newloni 
from longitudinal desert dunes and shoreline- 
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Most of Australia’s largest mammals became extinct 50,000 to 45,000 years 
ago, shortly after humans colonized the continent. Without exceptional cli- 
mate change at that time, a human cause is inferred, but a mechanism 
remains elusive. A 140,000-year record of dietary 5’^C documents a permanent 
reduction in food sources available to the Australian emu, beginning about the 
time of human colonization; a change replicated at three widely separated 
sites and in the marsupial wombat. We speculate that human firing of land- 
scapes rapidly converted a drought-adapted mosaic of trees, shrubs, and nu- 
tritious grasslands to the modern fire-adapted desert scrub. Animals that 
could adapt survived: those that could not, became extinct. 
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Dr. Gulledge. Mr. Inslee, if I may just may make a comment. 
Also regarding Mr. Barton’s comments, I realize he is gone. I am also 
from Texas and I use scientific terms from down there. There are whole 
passels of money to be made on alternative energy, and it is not just 
about being expensive. Also, there are real serious costs to inaction that 
have not been figured into this equation here. 

Mr. Inslee. And I just want to compliment the Chairman’s humor 
about this. As I was walking off the field at the baseball game this year 
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and he was at third base, and I just pulled my hamstring. As I was 
walking by he says, well, Inslee, I suppose that was because of global 
warming too. So he has a great finely tuned sense of humor and we will 
look forward to using it as the debate goes on. Thank you. 

Mr. Whitfield. Thank you, Mr. Inslee. I would like to stipulate 
that in my district we just opened up two new ethanol plants as well. So 
I want to thank you all very much for your patience. We got documents 
to enter here. 

Mr. Stupak. Mr. Chairman, that is a request to put in an abstract of 
an article. I would suggest we just get the whole article, put it in there, 
and then we have the complete article for everyone to see. 

Mr. Whitfield. Okay. Without objection. 

Mr. Stupak. That can serve as a place holder until I get the whole 
article. 

Mr. Whitfield. So ordered. And then we will keep the record 
open. Mr. Inslee. 

[The information follows:] 
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Top 10 Myths About Global Warming 


I Vl\TF 1 1 ; 5cie>ih's<s have conclusively 
' proven that human activity is causing 
the earth to tvartn. 

FACTS : The theo ry of global warming resis on 
the idea that human emissions of carbon 
dioxide and other greeulioiisc gases haivc 
caused earth's temperature to rise unnaturally 
over the last Century. 

The largely undisputed scientific facts of 
climate change arc die fallowing: 1 ) human 
use of fossil fuels over the last ccntur)' has 
increased the amount of carbon dioxide and 
other greenhouse gases in our atmosphere; 

, 21 greenhouse gases naturally absorb infrared 

, ' radiation and retain some of that heat close to 

■ earth’s surface; and 3) the 20“' ceawry was 0-5® 
C warmer than the previous century.' What is 
hotly disputed among scientists is how sensitive 
global temperature is to human greenhouse gas 
emissions and how much warming — if any — 
is attributable these emissions. 

, We arc just beginning to explore the function 
. and magnitude of natural feedback systems 
that affect concentrations of greenhouse gases 
and global temperature changes. In a 2002 
study attempting to compare carbon dioxide 
concentrations and earth's temperature over 
the last 500 million yeans, the author found 
^ that the “comparison with the geologic record 
of climatic variation.s reveals no obvious 
conespondcncc."' 

Some scientists have argued persuasively that 
the eartlv's temperature changes are markedly 
more sensitive to changes in solar radiation 
than grceniiouse gases. Solar radiation 
indirectly affects cloud formation that can act 
as a feedback mechanLsm to regulate earth’s 
temperature.'' However, the complex behavior 
of cloud.t and the primary greenhouse gas — 
vfjtcr vapor — are poorly understood.® The 
temperature effects of clouds and aerosols 
arc significant enough to reduce estitnated 
warming from greenhouse gases and in some 
scenarios may even produce a slight global 
cooling.’'® 

» Many global warming proponents point to 

compurer rnodel simulations that .show earth’s 
-A temperanire dramatically inercasmg in Ihe 
21'“ Century with a concurrent rise in carbon 
dioxide emissions. However, due to the 
extraordinary complexity of the natural world, 
compuier models simpUly, ignore, and/or 


mishiterpret many important cliri'Ste feedback 
mechanisms. Models are also prone to 
enormous errors from the simple feet that 
they often track over five miUion parajnMer.s. 
Upon te.stmg two different computer models 
used in the discredited U.S. Nationitl 
Assessment on Climate Change, ] )r. Patrick 
Michaels, a climatologisc with the University of 
Virginia, found that a random number tabic 
did a better job of simulating the post century’s 
temperatures than both models.’ In Figure 1, 
a comparuon of model temperattire 
predictions are much higher than the 
observed trend. 

Pinaliy, climate models produce simulations on a 
global level, and any attempt to predict what may 
happen on a smaller, regional scale flies against 
the consensus of international climate scientists. 
The United Nations’ Intcrgovemmentai Panel 
on Climate Change (LPCC), wrote Ihis about 
computer climate modd-s: “Despite recent 
improvements and developments ... a coherent 
picture of regional dimatc change . . . cannot yet 
be drawn.” " Climate models are improving all 
the time, but policymakers should understand 
they are .timuiatioos of how we believe the rvorld 
works — not reality- 

MYTH 2: Earth's temperature has risen to 
an unnatural level over the last century. 

FACTSj NASA temperature records indicate 
the 20'® century was slightly wanner than the 
prcviou.s century witli surface temperatures 
rising about 0.5® C. ClimaTOlogiNX I^trick 


Michaels, Ph. D, idendfies three different 
temperature trends during the last century. 
Prom 1900 to 1940 there was a period of strong 
warming followed by another period of cooling 
until about the late 1970s, ’Then, from the late 
1970s » the present, the earth’s surfece has 
warmed again.® 

Over 80 percent of greenhouse gas emissions 
occurred after 1940, so the first period of 
warming cannot be attributed to human 
activ{tic.s. And the mid-20"' century cooling 
can’t be a warming response due to increased 
greenhouse gases. Therefote, it appears that 
global temperature changes for most of the last 
century ha.s been natural.'" 

Reconstructions of long-term temperature 
records show that the 20* Century was not 
un'usual. One analysis of 250 climate studies 
covering the previous millennium confirms the 
presence of the Medieval Warm Period from 
800 to 1300 AD that vws warmer than our 
present day temperature. Hunhermore, global 
temperatures dipped during a period known as 
the Little ice Age, which lasted approximately 
from ] 300 to 1 900 AD. " As we emerge from 
this cooling period, it is natural that our 
temperature is .somewhat higher than in the 
immediate past. 

On an even longer scale, rcscanhens have 
reconstructed a temper, sture record covering 
the last 219,000 years by coring through 
accumulated ice in Autatctica.'- In Figure 2, 
the line across the top represents deviation 
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from today’s remperaturc. By this 
measufeinent, you can see our current 
temperature is within the range of temperatures 
experienced over the past 9,000 years. 

M YTI I 3: The ice caps are melting and 
sea levels are rising. 

^ FACTS: According to sateliite data, ice 
i coverage over the Arctic (nonhern hemisphere) 
has indeed decreased over the last 30 years. 
However,' the Araic climate reconstructed over 
(he last 125 year.'! .shows that ice coverage varies 
on multi-decadc scale. The current period of 
warming wa.s preceded by a prolonged period 
oCcooling in which ice coverage was much 
more extensive. Furthermore, the thickness 
of Arctic Ocean sea ice had remained constant 
through the 1990s. On the opposite side of 
the globe, Antarctic (southern hernkphcrc) ice 
coverage has mcreased since 1977.1* 

As a whoie, glaciers have indeed been retreating 
^ sijtce the end of the Litde Ice Age m the 1890s. 
However, for glaciers on which data exist, the 
rate of retreat has been constant or decreasing 
-:»< for the last 70 years — the time period during 
i- which greenho use gases have supposedly caused 
unprecedented warming.‘' One comprehensive 
glacial .study concluded diat "liiere is no obvious 
common or global trend of increasing glacier 
jf- ' melt in recent years." This same study reported 
that in Europe, “Alpine gLicicrs are generally 
shrinking, Scandinavian glaciers arc growing, 
and glaciers in the Cauca-sus are dose to 
equilibrium for 1980-95."'" 

Regarding the issue of rising oceans, the 
.science is still very unsettled. Oceans have 
risen and hdlen extensively over liie geologic 
past, but their current rate of change is stiJi 
unknown. Australian policy analyst lohn Paly 
^ wrote, “an .impression has been conveyed to the 
■ public, media, and policymakers that the sea 
level rise of 18 cm in the past century is an 


observed quantity and thus open to little 
dispute, V^iat is not widely appreciated is 
that this quantity is largdy the product of 
[computer] modeling and not a j>roduct of 
okservation. It is th«eforc very much open 
to dispute." 

Global mean sea level is modeled because 
measurements are complicated by changes in 
moon and sun orbital effects, coastline and 
seabed lOpOg/aphy, ocean currents, and 
meieoroJogical effects of wind and pressure. 
Furthermore, most tide gauges are next to 
urban centers, which tend to .sub.sidc over 
time due to the weight of the smiccures and 
withdrawal of water from underground 
aquifers. Additionally, most tidal data from the 
Northern Hemisphere are affected by a natural 
geologic phenomenon called “postglacial 
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rebound." After the last ice age 10,500 years 
ago, the earth uplifted or rebounded as ice a.s 
thick as i.3 miles melted away, Areas on the 
periphery of the ice shcett have in turn sunk 
as the crust adjusts and rebalances Itself — a 
process that continues today.^ In tidal gauges 
from the Southern Hemisphere including 
Australia, Uruguay, South Afrrica, and India — 
regions that were not glaciated — sea levels 
have remained relatively suble. 

MYTH 4: Extreme weather phenomena 
are increasing due to global warming. 

FACTS: In congressional testimony, David 
Legates, an expert hydrology researcher, said, 
"Ascertaining anthropogenic changes to these 
extreme weather events is nearly impossible. 
Climate models cannot even begin to simulate 
slorm*scale systems, let alone model the full 
range of year-to-year variability ... Clearly, 
claims chat anthropogenic global warming will 
lead to more occurrences of droughts, floods, 
and storms arc wfldly exaggerated." “ 

The American Association of State 
Climatologists concurs. According to the 
Association, “climate predictions have not 
demonstrated skill in projecting friturc 
variability and changes in such important 
climate conditions as growing season, drought, 
flood-producing rain^ heat waves, tropical 
cyclones and winter storms." 

There has been no evidence for an increase in 
catastrophic hurricanes. Indeed, maximum 
wind speed in Atlantic hurricanes decreased 
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k^iVoiu 1944 to 2000- After nOrmalizuig costs for 
- inflation and population chanBc, researclters 
have found that the biggest losses in ttie US. 
due lo hurricanes occurred before l950. “(B)y 
far the biggest decade during the last aaive era 
was the 1940$, where five niajorhurrican.es 
made landfall in Florida, 'fhis contrasts 
dramatically with the very low activily of the 
1970s. 1980s and) 990s.” =■' 


The ocnirrence of floods and droughts has also 
remained stable over the past century as can be 
seen in Figure 3 from the National Oceanic and 
f ^'’^Atmospheric Administration. The graph 
I shows the percentage of the U.S. that is either in 
severe drOugllt Or flood every year. These events 
arc cydicjtl and show no increase in cither 
severity Or &et|uency during the latter half of 
the 20“' Century. 


MYTH 5: Global warming threatens 
fragile ecosystems and may cause 
threatened and endangered species to 
become extinct. 


FACTS: Since the end of the last ice age 
appiuximately 1 0,500 years ago, life ou earth 
has been adapting to the worming 
environment. Ecosystems arc necessarily 
flexible and .shift in rc 5 p 0 n.se to environmental 
' ' stimulus including climate change." The 
' advance and retreat of various ice ages enn be 
catalogued Iry the changes in the range of 
various plant and animal species. Scientists 
have documented these changes ilirougb fossil 
records, lakcbed silt deposits, soil deposits, and 
' ■ other mechanisms.-' As our climate continues 
to change, different ecosystems will expand and 
contract in response. 

Plants increase their productivity in response 
ro increa,sed levels of atmospheric carbon 
dioxide." Hurthermore, plants growing in an 
atmosphere enriched witli carbon dioxide sllow 
an increase of up to 3®C in their optimal 
growth temperature. " Over the past two 
decade.5, NASA satellites have found that the 
earth has been getting progressively greener. 
Their study published in Sric7JCC''proposes 
climatic changes os the leading cause for the 
increases in plant growtll over the last two 
decades, with lesser contribution from carbon 
dio.<dde feriilutailon and forest species re- 
growth.”^ This is important for ecosystems 
because ricliness is more positively correlated 
with plant productivity than any other 
v.iriable,'' 

.MYTH (»: The U.S. Government believes 
the theory of global warming has been 
proven and supports capping greenhouse 
gas emissions. 
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FACTS: The U.S. government ha.s invested 
$45 billion in global warming research over the 
last decade. Despite the enormous outlay 
of money, the administration concedes the 
science is still inconclusive. Tn a lepon to the 
president, the National Academy <if Sciences 
wrote, “Because there Is considerable 
uncertainty in Current lutderscanding of how 
the climate system varies naturally and reacts 
to emissions of greenhouse gases and aerosols, 
current estimates of the magnitude of future 
warming should be regarded as tentative and 
subjea to future adjustments upward or 
downward.” ” 

Due to scientific uncertainty, no U.S. president 
has endorsed the Kyoto Protocol on global 
climate change. The Senate has not ratified the 
Kyoto treaty, citing the economic certainty that 
our economy will be seriously harmed from 
regulatmggrccnbou.se gases. Mejinwhiie, the 
U.S. government has contioued funding for 
climate change research and supporting 
programs for development and dissemination 
of dean energy technology. 

MYTH 7: Adhering to the Kyoto 
Protocol and other carbon dioxide 
reduction schemes will decrease ear^s 
temperatures. 

FACfS: If global warming is in deed occurring, 
“According to the world‘s most advanced 
climate model, full implementation of the Kyoto 
Protocol [reducing COj eraissiom an average of 
5 percent below 1990 leveb] would avoid only 
1 4/] OOths of a degree C of global warming by 
2100 — probably too small an amount for 
sdenlists to detect. Since the United States 
produces 25 percent of the world’s greenhouse 
gases, U.S. compliance with Kyoto would oihart 
global warming by a hypothetical 35/1 OOUths of 
a degree C"" 

According to some researchers, it would take 
40 Kyoto Protocols to avert any meaningful 
temperature rise, as projected by the models." 
Furthermore, the major growth in greenhouse 
gas emissions will come fiom developing 
economies, especially China and India, These 
countries arc exempted from international 
treaties requiring greenhouse gas reduction, so 
any action taken by the developed world will 
be quiddy swamped by inaction in third 
world countries. 

MYTH 8: Adhering to the Kyoto Protocol 
and other carbon dioxide reduction 
schemes will be relatively inexpensive. 

FACTS: Carbon dioxide Ls the inevitable 
byproduct of burning fossil fuels and therefore 
any attempt lo cap it will result in energy 
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rationing. According to the Energy 
Information Administration (EIA), fossil fuels 
supply 70 percent of the U,S.’s electricity and 
84 percent of our total energy usage. " 

The EIA estimated the cost of reducing 
carbon emissions 7 percent below 1990 levels, 
as required by the Kyoto Protocol, would 
be expensive. For the average American, 
dcctricicy costs would increase as high as 
8d percent; gasoline prices could rise 66-ccnts 
a gallon, and fuel oil prices would rise as much 
as 76 percent higher while natural ga.s prices 
would rise by as much as 147 percent over 
baseline.-” Because energy is such a 
fundamental part of our economy, the price 
of manufactured goods and food would also 
increase. This wOrks Out to a total GDP loss 
of anywhere from $100 billion CO $400 billion 
per year.^** The people hurt most by rising 
prices are the poor and elderly Iivil^; on 
fixed incomes. 

MYTH 9; Multi-pollutant regulation, 
which includes both EPA criteria 
poUutants and greenhouse gases, is an 
inexpensive, "no^grets^ method for 
improving air quality. 

FACTS: '^During the 30'year period from 
1970 through 2000, total emissions of the six 
principal (“criteria") poUutants EPA regulates 
under the Clean Air Act decreased 29 percent, 
while vehicle miles traveled increased 143 
percent, total energy consumption Increased 
45 percent, and coal consumption increased 
106 percent. Automobile and equipment 
turnover will continue to produce substantial 
air quality improvement under current 
regulatory law In the foreseeable ftiture." 

“CO 2 is neither an 'ambient’ air pollutant like 
NO^ and SOj, nor a ‘hazardous’ air pollutant 
like mercury, ft docs not foul the air, impair 
vi$ibiljty> contribute to respiratory disease, or 
bio-accuxnulatc as a toxin in fish.’"'® 

The Energy Information Administration 
estimated the cost of reducing NO^ and SO, 
emissions 75 percent below 1997 levels by 2005 
would cost $6 billion. Reducing CO; emissions 
7 percent below 1990 levels by 2005 would co,st 
$77 billion. Ifallthree emission requirements 
were coordinated, the total cost would be 
$77 billion— a saving of $5 billion over dieir 
aggregate costs if eadt requlixmeiu were 
imposed one at a time. Howeveii if the goal is 
cleaner air, in reality you would have spent 
$77 billion for SO, and NTO^ reduction that 
should have only cost $6 billion to begin wilh. 

MYTH 10: Renewable energy technology 
can immediately replace all fossil fuels. 


26 [ Sec hor; 'V 
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FACTS; To reach the Kyoto Protxjcol targets 
of reducing COj emissions 7 percent bclovr 
1990 levels, the U.S. would need to cut fossil 
fuel use ty 15 percent and total energy use by 
13 pcrccnl/- However, only 2 percent of our 
energy is curtently derived from renewable 
sources (excluding hydropower). If fossil fuels. 
urai)juni, and hydropower continue to be 
dismissed by alternative energy advocates, 
then we must rely on the remaining renewable 
soui'ces, 

To meet tlie world’s energy needs in 50 years, 
we would need to produce three times the 
amount of energy currently being made by 
fossil fuels. One of the main proponents of 
global warming theory. Dr. Toni Wigley of the 
Hational Center for Atmospheric Research, 
wrote, '‘Energy sources that can produce 1 00 
percent to .^00 percent of present world power 
consumption without greenhouse emissions do 
not exi.si operacionaJly or ns pilot plants.”^'' 

Furthermore, according to Dr. SaUie BaJiunas, 
“[Tlhc physical laws make the pnsspecr for 
renewables on a grand scale look dismal; solar 
and wind energy have enormous environmentai 
footprints. Because they are dilute and 
intermittent sources, they require great acresge. 
Their intenniitency requires that stable power 
sources liJw coal or uranium provide the steady 
base ... Biomass power requires frequent clear 
cutting of areas devoted to growing fost-rotation 
woody crops ... Opportuiutics for power from 
geothermal sites and landGUs are limited, and 
decline witli use.”^ 

*' Hydrogen fuel cells, often touted as anollier 
futuristic renewable, merely carry energy. 

Fuel cells are not sources of energy. The 
process of energising a fuel cel) with hydrogen 
Cracked from methane ... or water requires 
more energy than returned from use of the 
fuel ceU."« 

Alternative energy will continue to be 
developed and play an important, if small 
role, in diversifying our energy resources. 
However, “[sjolar. wind and biomass energy 
cannot be counted on to provide the timely, 
reliable, inexpensive electricity resources the 
U.S. needs." ** Q 


This ankle was updated from its original 
publication in Energy, Environment, and 
Kconomic!,: A f.uidc for .State LegMlatons, The 
'fhird l-lditiqn (American Legislative Exchange 
Council, January 2005). 
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28 I Sc-ci on IV 


Mr. Inslee. Mr. Chairman, I would like to submit an essay. It is 
published in Science called the Scientific Consensus of Climate Change. 
It relates to that 928 papers as well as the article I just made reference to. 
Thank you. 

Mr. Whitfieed. Okay. Without objection. And we will keep the 
record open for 30 days. 

[The information follows:] 
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ESSAY 

BEYOND THE IVORY TOWER 

The Scientific Consensus 
on Climate Change 

Naomi Oreskes 


P olicy-makers and the media, particular- 
ly in the United States, frequently assert 
that climate science is highly uncertain. 
Some have used this as an argument against 
adopting strong measures to reduce green- 
house gas emissions. For example, while dis- 
cussing a major US. Environmental Pro- 
tection Agency report on the risks of climate 
change, then-EPA administrator Christine 
Whitman argue4 “As [the report] went 
through review, there 
was less consensus on 
the science and conclu- 
sions on climate change” 

{!). Some corporations 
whose revenues might 
be adversely affected by controls on carbon 
dioxide emissions have also alleged major 
uncertainties in the science (2). Such state- 
ments suggest that there might be substantive 
disagreement in the scientific community 
about the reality of anthropogenic climate 
change. This is not the case. 

The scientific consensus is clearly ex- 
pressed in the reports of the Inter- 
governmental Panel on Climate Change 
(IPCC). Created in 1988 by the World 
Meteorological Organization and the United 
Nations Environmental Programme, IPCC’s 
purpose is to evaluate the state of climate sci- 
ence as a basis for informed policy action, 
primarily on the basis of peer-reviewed and 
publish^ scientific literature (i). In its most 
recent assessment, IPCC states unequivocal- 
ly that the consensus of scientific opinion is 
that Earth’s climate is being affected by hu- 
man activities: “Human activities ... are 
modifying the concentration of atmospheric 
constituents ... that absorb or scatter radiant 
energy. . . . [MJost of the observed warming 
over fte last 50 years is likely to have been 
due to the increase in greenhouse gas con- 
centrations” [p. 21 in (4)]. 

IPCC is not alone in its conclusions. In 
recent years, all major scientific bodies in 
the United States whose members’ expertise 
bears directly on the matter have issued sim- 
ilar statements. For example, the National 
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Academy of Sciences report. Climate 
Change Science: An Analysis of Some Key 
Questions, begins: “Greenhouse gases are 
accumulating in Earth’s atmosphere as a re- 
sult of human activities, causing surface air 
temperatures and subsurface ocean temper- 
atures to rise” [p. 1 in (5)]. The report ex- 
plicitly asks whether the IPCC assessment is 
a fair summary of professional scientific 
thinking, and answers yes: “The IPCC’s 
conclusion that most of the 
observed warming of the 
last 50 years is likely to 
have been due to the in- 
crease in greenhouse gas 
concentrations accurately 
reflects the current thinking of the scientific 
community on this issue” [p. 3 in (5)]. 

Others agree. The American Meteoro- 
logical Society (<5), the American Geo- 
physical Union (^, and the American 
Association for the Advancement of Science 
(AAAS) all have issued statements in recent 
years concluding that the evidence for human 
modification of climate is compelling (5). 

The drafting of such reports and state- 
ments involves many opportunities for 
comment, criticism, and revision, and it is 
not likely that they would diverge greatly 
from the opinions of the societies’ mem- 
bers. Nevertheless, they might downplay 
legitimate dissenting opinions. That hy- 
pothesis was tested by analyzing 928 ab- 
stracts, published in refereed scientific 
journals between 1993 and 2003, and list- 
ed in the I SI database with the keywords 
“climate change” (9). 

The 928 papers were divided into six cat- 
egories: explicit endorsement of the consen- 
sus position, evaluation of impacts, mitiga- 
tion proposals, methods, paleoclimate 
analysis, and rejection of the consensus po- 
sition. Of all the papers, 75% fell into the 
first three categories, either explicitly or im- 
plicitly accepting the consensus view; 25% 
dealt with methods or paleoclimate, taking 
no position on current anthropogenic cli- 
mate change. Remarkably, none of the pa- 
pers disagreed with the consensus position. 

Admittedly, authors evaluating impacts, 
developing methods, or studying paleocli- 
matic change might believe that current 
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climate change is natural. However, none 
of these papers argued that point. 

This analysis shows that scientists publish- 
ing in the peer-review«d literature agree with 
IPCC, the National Academy of Sciences, and 
the public statements of their professional so- 
cieties. Politicians, economists, journalists, 
and others may have the impression of confu- 
sion, disagreement, or discord among climate 
scientists, but that impression is incorrecL 
The scientific consensus might, of 
course, be wrong. If the history of science 
teaches anything, it is humility, and no one 
can be faulted for failing to act on what is 
not known. But our grandchildren will 
surely blame us if they find that we under- 
stood the reality of anthropogenic climate 
change and failed to do anything about it. 

Many details about climate interactions 
are not well understood, and there are am- 
ple grounds for continued research to pro- 
vide a better basis for understanding cli- 
mate dynamics. The question of what to do 
about climate change is also still open. But 
there is a scientific consensus on the reality 
of anthropogenic climate change. Climate 
scientists have repeatedly tried to make this 
clear. It is time for the rest of us to listen. 
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Corrections and CiARiFicATiONs 


Erratum 

Post date 21 January 2005 


Essays: ‘The scientific consensus on climate change" by N. Oreskes (3 Dec. 
2004, p. 1686). The final sentence of the fifth paragraph should read "That hy- 
pothesis was tested by analyzing 928 abstracts, published in refereed scientif- 
ic journals between 1993 and 2003, and listed in the iSI database with the 
keywords 'global climate change' (9)." The keywords used were “global climate 
change," not “climate change." 


www.sciencemag.org SCIENCE Erratum post date 21 JANUARY 2005 


1 


Mr. Whitfield. Thank you all again for your testimony. We look 
forward to working with you as we move forward. That concludes 
today’s hearing. 

[Whereupon, at 6:48 p.m., the subcommittee was adjourned.] 
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Response for the Record of Dr. Michael E. Mann, Associate Professor and 
Director, Earth System Science Center 


Question No. 1. I understand that although your current practice is to make your 
computer code available publicly, many researchers in your field do not do so. 
Although computer code may not have commercial value, why would a researcher 
not want to release his code? 

Answer: 

This is a question that my eolleagues and I have wrestled with over the years. As 
the question aeknowledges, for the past five years or more, my eolleagues and I have 
made publie our eomputer eodes, just as we made publie our eode for the 1998 study last 
year. Our deeision to make our eode publie eomes at a time when there is inereased 
standardization in eodes, and the need to tailor eodes to aeeommodate the various and 
often idiosyneratie eomputer systems that were used in the 1990s has diminished. But 
even today, many, perhaps most, elimate seientists do not share their eodes. In my view, 
there are legitimate reasons for reaehing that deeision, even though it is not the deeision 
my eolleagues and I have made. 

For one thing, most eode is written to enable seientists to perform speeifie funetions, 
and thus eode is generally written in a form of short-hand that is not easily understood by 
others. To make eode usable by other researehers, the eode writer has to undertake 
signifieant additional work, in the form of doeumentation, testing for potential platform 
dependenee, tidying, and so forth, that plaees a signifieant burden on the eode writer. 
Many seientists do not think that undertaking that additional burden is worth it. 

Seeond, aeeess to eomputer eodes is not neeessary to replieate a study. I realize that 
some of my erities have argued otherwise, but it is just not the ease that seientists need 
aeeess to eomputer eodes to replieate studies. As I tried to make elear in my testimony 
before the Committee, a study may be replieated if the seientists eondueting the initial 
study make available both the underlying researeh data and an algorithm that gives a 
step-by-step aeeount of how that data was analyzed. As my testimony pointed out, the 
1998 and 1999 work by my eolleagues and me was reeently replieated by a team of 
seientists (Wahl and Ammann) who did not have aeeess to our eodes, but who were able 
to replieate our work without diffieulty. So replieation does not depend on aeeess to 
eomputer eodes. 

Moreover, seientists, like entrepreneurs, eorporations, and others engaged in the 
produetion of intelleetual eapital, are eompetitive, and rightly so. Competition in the 
marketplaee of ideas is what seienee is all about. We would all like to make our greatest 
possible eontributions to advaneing the forefront of our seientifie diseiplines. Indeed, we 
are rewarded (in terms of grants, promotions, aeademie reeognition, and do forth) in 
proportion to the eontributions we make in the advaneement of seienee. Asking seientists 
to release their eodes before they have had an opportunity to apply them to a number of 
potential interesting problems is asking them to saerifiee their eompetitive advantage. 
This would be no different than asking Mierosoft to release the eode for its latest 
operating system as soon as it reaehes the market. Mierosoft is not about to do that, and 
most people would eonsider a requirement that Mierosoft freely dispense its intelleetual 
property — its eodes — as antithetieal to the prineiples of a free market. The argument is 
no different in the ease of seientists and their eomputer eodes or other tools of their trade. 

Question No. 2. Dr. Wegman states that paleoclimatologists do not interact with 
statisticians. Do you have any response to that statement? What steps, if any, is the 
paleoclimatology field taking to ensure that it is using appropriate statistical 
methodologies? 
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Answer: 

Unfortunately, Dr. Wegman made this elaim without engaging in any effort to 
aseertain the extent to whieh elimate seientists interaet with statistieians. To the eontrary, 
Dr. Wegman simply assumed — without data, indeed, without any basis at all — that 
elimate seientists, and paleoelimatologists in partieular, do not interaet with statistieians. 

Dr. Wegman’ s aeeusation eould not be further from the truth. The partieipation of 
statistieians in elimate seienee has beeome so routine that there is an entire field of 
elimate researeh known as “statistieal elimatology,” whieh involves the eollaboration of 
large numbers of statistieians and elimate seientists. There are even textbooks dedieated 
to the study of statistieal elimatology. In his testimony before the Committee, Dr. Hans 
Von Storeh found it neeessary to inform Dr. Wegman of this faet. And Dr. Von Storeh 
should know; he and Dr. Franeis Zwiers (a Ph.D. statistieian speeializing in elimate 
applieations) have written one widely used textbook on statisties and its applieations to 
elimate studies. Another statistieian. Professor Dan Wilks of Cornell University, has 
written an additional textbook on statisties and its applieations to the atmospherie 
seienees. 

The extensive eollaboration between elimate seientists and statistieians is also 
refleeted in the aeademie literature. Hundreds of papers have been published in the 
elimate and paleoelimate literature involving the eollaboration of statistieians and elimate 
seientists. These are all publiely available and eould have been identified by Dr. 
Wegman in a few hours of researeh. Two members of the NRC eommittee that reviewed 
paleoelimate reeonstruetions in its reeent report (Dr. Douglas Nyehka and Dr. Peter 
Bloomfield) are statistieians (both of their doetorates are in statisties) who have published 
in the elimate literature and who have aetively eollaborated with elimate seientists. 

Had Dr. Wegman bothered to make even the slightest inquiry, he would have found that 
there are in faet many statistieians (that is, individuals with doetorates in statisties) who 
have been and remain aetive members of the eommunity of researehers in the areas of 
atmospherie seienee and elimate researeh. Even a eursory review of the strueture of our 
eommunity reveals this readily. I have been informed that many of my statistieal 
elimatologist eolleagues are deeply offended by Dr. Wegman’ s unfounded 
pronouneements to this Committee, pronouneements whieh effeetively deny their 
eontribution to the advaneement of seienee. 

Moreover, the Ameriean Meteorologieal Soeiety — the leading professional 
organization of atmospherie seientists — has a Committee on Probability and Statisties, 
and members of the eommittee are drawn from both atmospherie/oeean/elimate seientists 
and statistieians. I was a member of that eommittee for a 3-year term (2003-2005) that 
reeently ended. The eommittee ’s website ean be found here: 

http://www.isse.uear.edu/ams/ams_ps.html, and the eommittee members’ biographies are 
available here: 

http://www.isse.uear.edU/ams/ams_ps.html#members. The ehair of the eommittee. Dr. 
Riek Katz is a statistieian (with his doetorate in statisties from Penn State University) and 
senior seientist at NCAR. Other statistieians on the eommittee inelude Dr. Tilmann 
Gneiting (Department of Statisties, University of Washington), and Dr. William Briggs 
(Adjunet Assistant Professor of Statistieal Seienee, Cornell University). These 
statistieians are aetive members of the elimate researeh eommunity. 

Equally important, one of the primary eenters for elimate researeh in the U.S., 
NCAR, has maintained a thriving Geophysieal Statisties Projeet (“GSP”), whieh was 
founded more than a deeade ago. This program has been funded by the National Seienee 
Foundation’s Division of Mathematieal Seienees, whieh has reeognized for some time the 
importanee of eneouraging statistieians to eollaborate aetively with atmospherie 
seientists/elimate seientists. I partieipated as a graduate student in GSP’s inaugural 
workshop in 1994. Many leading statistieians (e.g., Dr. Graee Wahba, Dr. Arthur 
Dempster, and Dr. Noal Cressie) were partieipants. The GSP has sinee thrived, providing 
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an important opportunity for collaboration between statisticians and climate researchers. 
More information can be found at the GSP webpage: http://www.image.ucar.edu/GSP/. 

It bears noting that the project has now produced more than two dozen Ph.D. 
statisticians who have become active researchers in the atmospheric, oceanographic, and 
climate sciences. Its members and visitors have included dozens of statisticians who 
have worked collaboratively with atmospheric scientists and climate researchers. The 
leader of the project. Dr. Douglass Nychka, was one of the members of the 
aforementioned NRC panel. He was also a consultant in the recent paper by Wahl and 
Ammann that refutes the oft-cited criticisms of the Mann et al. work by McIntyre and 
McKitrick. 

Question No. 3. Dr. Wegman has hypothesized that the peer review process failed 
and allowed publication of your 1998 and 1999 studies without adequate vetting of 
the study. This was based in part on his social network analysis that showed you 
have connections with 42 other authors in paleoclimatology. Of the 42 co-authors 
identified by Dr. Wegman, how many of them were co-authors with you in or before 
1999? 

Answer: 

Dr. Wegman’ s accusations are so riddled with flaws that it’s hard to know where to 
begin in response. But let me first address the specious accusation by Wegman that the 
peer-review process somehow “failed” with respect to our ’98 and ’99 studies. It is 
bewildering that Dr. Wegman (who has no expertise in the area of atmospheric 
science/climate, and indeed was wholly unable to correctly answer some of the most 
basic questions about climate science during the hearings) would characterize the 
publication of our work as a “failure.” One would assume that an academic would avoid 
rendering judgments in fields in which he is demonstrably unknowledgeable. Certainly 
the scientific community has reached the precisely the opposite conclusion. Our 1998 
and 1999 studies are widely cited, and the conclusions stated in them have been 
repeatedly reaffirmed. Just one example of the scientific support for these works should 
suffice: The National Research Council panel in their recent Report characterized our 
study as “groundbreaking”, and the panel concluded that its key conclusions have held up 
over nearly a decade of exhaustive and independent follow-up research. That is a pretty 
good track record by any standard. Thus, judged by experts who understand climate 
studies, Wegman’ s efforts to disparage our work as “failed” are nothing short of silly. 

Let me next address Wegman’ s equally specious and unsupported claim that 
scientists who work in a given field cannot objectively review the work of their 
colleagues and competitors in that field. By way of illustration, I have attached (as 
Attachment 1 to these Responses) the famous 1927 photograph of attendees of the Solvay 
Physics meeting in Brussels. It shows a group of 29 physicists engaged in a collegial, 
small conference. Virtually every attendee was a driving figure behind our understanding 
of modem physics. Appearing in the photograph are Einstein, Heisenberg, Bohr, Fermi, 
Dirac, de Broglie, Bom, Pauli, Langmuir, Planck, Curie, Compton, Ehrenfest, Lengevin, 
and others of equal prominence. The members of this group all knew each other, worked 
with each other, collaborated on research with one another, visited each other, went 
mountain-climbing together, and so forth. Familiarity did not compromise their 
contributions to science. While I do not claim that the group I collaborate with is likely 
to duplicate the feats of the scientists who gathered in Bmssels 80 years ago, the point 
remains — scientific collaboration does not turn scientists into timid lapdogs unwilling to 
criticize the work of their colleagues. 

Let me turn now to the specifics of the question. It is baffling how Dr. Wegman 
arrived at the number (42) he used to describe my co-authors. One would think that a 
statistician could do simple arithmetic. My curricular vitae (CV) is available on the 
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internet, and it is elear that Wegman eonsulted it (but not me) in the preparation of his 
paper. Nonetheless, none of the numbers he uses add up. Part of the problem may stem 
from Wegman’ s ill-advised effort to distinguish between authors engaged in 
“paleoelimatology” and “elimatology,” sinee most elimate researehers have worked, in 
some manner, on some aspeet of paleoelimate. So the distinetion he attempts to draw 
between “paleoelimatologists” and “elimatologists” is illusory at best. This too 
underseores the hazards of an amateur seeking to draw eonelusions in a field in whieh he 
has no expertise. 

But to answer the question Wegman poses, let us eonsider the eorreet numbers (see 
Attaehment 2 to these Reponses) whieh are based on all of my peer-reviewed journal 
publieations as listed on my CV (and not ineluding “gray literature” sueh as book 
ehapters, eneyelopedia pieees, reports, eonferenee proeeedings, letters to editors, opinion 
pieees). I published with 10 eo-authors prior to 1993 based on my undergraduate 
researeh in solid state physies. These publieations are unrelated to elimate researeh, and 
are not ineluded. 

So let us eonsider just my elimate-related papers (i.e., post 1993), as Wegman 
purports to do. In elimate researeh, I had 14 eo-authors through the year 1999. I had 
101 eo-authors through the end of 2005. So Wegman’ s ealeulations, based on 42 eo- 
authors, are off-base by more than a faetor of two. Wegman also appears to have made 
even more fundamental errors in his review of the seienee (a point I address below). 

But I believe the question goes to how influential I was in the field, in a relative 
sense, at the time of publieation of my ’98 and ’99 studies. After all, Wegman elaims 
that there is, in essenee, an almost sinister eonspiraey of like-minded elimate seientists 
who aet as a eartel to eontrol the published literature in elimate studies. And his “proof’ 
is the faet that I have published with many prominent seientists who, in Wegman’ s view, 
would be unwilling to eritieize my 1998 and 1999 work even if it were seriously flawed. 
But this theory does not wash. Apart from the faet that even my elosest eollaborators are 
perfeetly willing to eritieize my work when they think it is flawed, Wegman’ s math just 
does not support his theory. As indieated above, the vast majority (86%) of my eo- 
authorships oeeurred after my 1998/1999 studies. So Wegman’ s effort to suggest that I 
was influential in the field at the time these studies were published, or in the aftermath of 
their publieation, eannot be squared with the data, and is, in faet, nothing short of absurd. 

Question No. 4. Does the scientific community rely exclusively or primarily on the 
peer review process conducted before an article is published to test the robustness 
and validity of new scientific discoveries or theories? Or does the development of 
science depend on an iterative process that involves not only peer review before 
publication, but also review and competing research and analysis by other scientists 
after publication? 

Answer: 

This question raises an important issue that was unfortunately not adequately aired 
at the hearing. Dr. Wegman and others have expressed the view that the seientifie 
eommunity somehow plaees exelusive relianee on the peer review proeess as the 
determinant of seientifie truth. But the peer review proeess is hardly the only, let alone 
most important, way that the seientifie eommunity tests the aeeuraey and reliability of 
seientifie papers. Indeed, Wegman’ s eontention refleets a fundamental laek of 
understanding of the basie prineiples that govern the seientifie diseipline. Seienee 
progresses through an open, self-eorreeting proeess whereby seientists plaee their ideas in 
the marketplaee, typieally by publishing artieles in peer review journals. The peer review 
proeess ensures only that basie mistakes are not made, that the artiele aeknowledges the 
existing literature on the subjeet, and that it eontributes in some way to the exploration of 
important seientifie issues. But peer review does not and eannot voueh for the aeeuraey 
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of the paper. That is the funetion of the seientifie proeess, by whieh other seientists test 
out and question the work of their peers. Some ideas stand the test of time; others do not. 
Copemieus was proven right over time; Ptolemy’s eoneeption that the Earth forms the 
eenter of the universe was proven wrong. Mueh of Einstein’s work has stood up to 
reevaluation, but some of his theories have been proven to be ineorreet as well. 

It is relevant in this eontext to again emphasize that the key eonelusion that my 
eolleagues and I drew tentatively in our work in the late ‘90s — that late 20^^ eentury 
Northern Hemisphere average warmth was likely unpreeedented in at least the past 1000 
years — has held up for more than a deeade, after dozens of independent studies have 
reexamined that elaim. So it has passed this important test of time. The peer-review 
proeess is simply a quality eontrol proeess to make sure that elaims, theories, and ideas 
that are self-evidently flawed from the beginning do not elutter the pages of the legitimate 
peer-reviewed seientifie journals, that is, to ensure that published papers have potential 
merit. Peer review is a simple first step at quality eontrol. It does not, nor should it, be 
eonsidered evidenee that the eonelusions of a partieular published paper are aeeurate or 
not. No single paper should ever be used to establish the validity of a partieular 
hypothesis or eonelusion. The aeeuraey of elaims, hypotheses, eonelusions, indeed 
theories, ean only be established by examining the eolleetive body of peer-reviewed 
researeh to date on any partieular topie, and the overall thrust of that body of researeh. 
Indeed, the importanee of broad-based seientifie assessments (sueh as those provided by 
the Intergovernmental Panel on Climate Change or “IPCC”) is to evaluate the entire body 
of peer-reviewed literature on a partieular topie and to determine the eonsensus, if there is 
one, that emerges in that body of literature. 

Question No. 5. Should all scientific papers be withheld from publication until the 
results are independently replicated? 

Answer: 

This question also raises an important issue that was not adequately aired at the 
hearing. Onee again. Dr. Wegman and others suggested at the hearing that seientifie 
papers be shelved for the time it takes for the results to be verified independently. This 
view is misguided, and, if followed, would seriously undermine the development of 
seientifie knowledge. It takes eonsiderable time to replieate a study. Meanwhile, 
important findings that ought to be disseminated widely to the seientifie eommunity 
would be unavailable to other seholars. Sueh a requirement would dangerously slow the 
progress of seienee. 

As I explained above, in my view development of seientifie knowledge ean take 
plaee only through an open, self-eorreeting proeess whereby seientists put out ideas, other 
seientists test them, and those ideas whieh stand up to future tests survive while those that 
do not are ultimately rejeeted. It is important in this eontext that ideas with potential 
merit be plaeed in the seientifie diseourse in a timely manner, so that they ean be 
followed up in a timely manner by the entire seientifie eommunity and not just a few 
researehers engaged in replieation, and the seientifie proeess ean proeeed at an 
appropriate paee. Were the suggested requirement to be followed where all papers 
required independent replieation before publieation, this would bog down the seientifie 
proeess to a near standstill. 

In data-poor areas of seienee sueh as paleoelimatology, the added benefit of new data is 
mueh more valuable than the pure replieation of a past study. “Replieation” in a pure 
sense provides very poor value for money. A good example would be the now- famous 
GRIP and GISP2 iee eores from Greenland. These are two different Greenland iee eores 
that were drilled at two nearby but distinet loeations by two different (one U.S. and one 
European) teams. Had the total available funding simply been used for both teams to 
drill eores at the same site, and thereby replieate eaeh other’s work, only the teehnieal 
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accuracy of the coring would have been validated. Instead, the reproduction of a record 
that was nearby but separate gave both support to the main results, but also allowed the 
groups to discover a mix-up in dating prior to 100,000 years ago in one of the two cores. 
So drilling two different ice cores, rather than drilling from the same source twice, proved 
to be a far more valuable use of the available funding and resources. 

The proponents of this idea also ignore the near-impossibility of its implementation. 
How would scientists be persuaded to replicate the unpublished work of others? What 
would their incentives be to conduct this work quickly, especially if it meant sacrificing 
the time researchers would prefer to spend on their own work? Would every study be 
subject to replication? Or only important studies? And who would decide which studies 
required replication prior to publication? Who would pay for these replications? Would 
the government pay for them? Is Congress prepared to double the size of research 
budgets for all of the major scientific funding agencies (e.g. NSF, NIH, NOAA, etc.)? 
And these practical problems are only the tip of the iceberg. 

My essential plea here is that Congress should not fix that which is not broken. 
Since Copernicus’ time the scientific process has successfully weeded out the wheat from 
the chaff It would be dangerous for Congress or any government body to tamper with 
that process. 

There is another element of this question which raises a deeply troubling matter with 
regard to Dr. Wegman’s failure to subject his work to peer review, and Wegman’s 
apparent refusal to let other scientists try to replicate his work. Professor David Ritson, 
Emeritus Professor of Physics, Stanford University, has found error in the way that Dr. 
Wegman models the “persistence” of climate proxy data. Interestingly, this is the same 
error Steven McIntyre committed in his work, which was recently refuted in the paper by 
Wahl and Ammann, which was in turn vetted by Dr. Douglass Nychka, an eminent 
statistician. Dr. Ritson has determined that that the calculations that underlie the 
conclusions that Dr. Wegman advanced in his report are likely flawed. Although Dr. 
Ritson has been unable to reproduce, even qualitatively, the results claimed by Dr. 
Wegman, he has been able to isolate the likely source of Wegman’s errors. What is so 
troubling is that Dr. Wegman and his co-authors have ignored repeated collegial inquiries 
by Dr. Ritson and apparently are refusing to provide any basic details about the 
calculations for the report (see Attachments 3 and 4 to this Response). It would appear 
that Dr. Wegman has completely failed to live up to the very standards he has publicly 
demanded of others. 

Moreover, the errors that Dr. Ritson has identified in Dr. Wegman’s calculations 
appear so basic that they would almost certainly have been detected in a standard peer 
review. In other words, had Dr. Wegman’s report been properly peer-reviewed in a 
rigorous process where peer-reviewers were selected anonymously, it likely would not 
have seen the light of day. Dr. Wegman has thus unwittingly provided us with a prime 
example of the importance of the peer review process as a basic first step in quality 
control. 
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Response for the Record of Dr. John R. Christy, Professor and Director, Earth 
System Science Center, NSSTC, University of Alabama in Huntsville 


28 August 2006 


Hon. Ed Whitfield 
Chairman 

Subcommittee on Oversight and Investigations 
Committee on Energy and Commerce 
2125 Rayburn House Office Building 
Washington DC 20515-6115 

Dear Rep. Whitfield, 

Thank you for the opportunity to appear before your Subcommittee to address issues of 
global climate change. I especially thank you for the opportunity to clarify some of the 
material that was entered into the official record which appeared to contradict my 
testimony. I assure you that what I presented was accurate as to my experiences and 
understanding of climate change in general and dataset construction in particular. 

I will be happy and available to answer any further questions regarding my appearance. 


Sincerely, 


John R. Christy 

Director, Earth System Science Center 
Alabama State Climatologist 
University of Alabama in Huntsville 
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Questions from Rep. Whitfield for John R. Christy 

(1) During the hearing, Mr. Waxman introduced into the hearing record a letter 
from Frank J. Wentz regarding your sharing of code with Remote Sensing Systems 
9RSS). Please explain your interactions with RSS (and Mr. Wentz) and subsequent 
interactions with Dr. Mann, as mentioned in your testimony. 

(1) Answer 

In the Hearing before the Subeommittee on Oversight and Investigations of the 
House Committee on Energy and Commeree on 27 July 2006, I testified about our 
eooperation with Remote Sensing Systems (RSS) regarding sharing of satellite data and 
eode. 

Mr. Waxman introdueed into the reeord a letter from Mr. Frank Wentz of RSS 
whieh ineluded an email from me to Mr. Wentz, over 4 years old, implying an apparent 
laek of eooperation. The problems here are (a) that this Mareh 2002 email to Mr. Wentz 
from me was simply the first in a long series of emails in whieh we indeed eooperated, 
and (b) that this exehange related to a different dataset than the one I was speaking of in 
my testimony. The following diseussion deseribes the way these two datasets were 
examined by RSS. 

Mid-Tropospheric (MT) Temperature Product 

Another RSS Seientist, Dr. Carl Mears (not Dr. Mann), began eonstrueting an MT 
produet from the raw mierowave digital eounts in early 2002, following mueh of our 
published methodology. There were some diserepaneies between our two results. Mr. 
Wentz asked for the eode with whieh we eonstrueted our MT data so as to resolve these 
differenees. As stated in my first email on the subjeet, shared by Mr. Waxman in Mr. 
Wentz’s letter, I deelined to send the eode for the reasons given. However, there were 
many further exehanges of information (in terms of the Hearing language: there were 
diseussions about the “algorithms”) to the point that RSS understood the three main 
differenees between our two datasets. Mr. Wentz’s deseription of “trial and error” in his 
letter in this proeess left out the important point that we were in eonstant eommunieation 
on the details and subtleties of the dataset eonstruetion proeess. 

During this time, we diseussed at great length matters eoneeming (1) the 
methodology of ealeulating the strength of the target-temperature effeet, (2) the 
methodology of determining intersatellite biases and to a lesser extent (3) the adjustments 
for the satellites’ east-west drifting (diurnal effeet.) 

At a eonferenee in Asheville NC, (Oet. 2003) Dr. Mears presented a talk entitled 
“Understanding the differenee between the UAH and RSS retrievals of satellite-based 
tropospherie temperature estimate” and stated he was satisfied as to having understood 
the main reasons for the differenees between our two datasets. Indeed in this 
presentation. Dr. Mears used some of the adjustment files we had provided to them to 
help answer questions of how our adjustment proeess worked (i.e. diurnal drift files.) He 
also displayed our target faetor ealeulations, again provided to RSS, along with a detailed 
deseription of their eomputation. It was elear we had provided information to understand 
the diserepaneies. 

RSS was also able to publish these findings and results (Mears et al. 2003). I was a 
reviewer of that paper and reeommended publieation. In my view, this elosed the episode 
on this dataset. 

Lower Tropospheric (LT) Temperature Product 

In 2005, Dr. Mears also led in the development of a different temperature produet, 
LT, whieh UAH had been produeing sinee 1992. He addressed the issues of hot target 
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calibration coefficients and intersatellite biases to his satisfaction but was unable to 
replicate our diurnal effect. He asked for more information and we supplied the 
appropriate section of the code and intermediate adjustment files so he could test the code 
against the output. With these in hand he was able to discover the artifact in the algebra 
which created the error most visible in the tropics. 

That we supplied these items is inarguable as the paper published by Mears and 
Wentz (2005) in Science displays the UAH adjustment files. Additionally, even though 
we did not know the outcome of their study at the time, I granted permission to publish 
our files as shown by this following exchange between Dr. Mears and myself on 1 3 May 
2005 in which he responds to me for being open in this way. 

13 May 2005 8:41 p.m. 

Hi Carl: 

Anyway, something jogged my memory this morning that you had asked about 
using the UAH diurnal adjustments in a paper, and I didn't respond with a firm 
answer. Sorry. I think it would be fine to use and critique ... that's sort of what 
science is all about. 

[John Christy] 


13 May 2005 1:58 p.m. 

Hi John 

Thanks for permission - I strongly approve of your view of science expressed 
[above]. I think that things that aren't nutty or poorly explained should be 
published in the open literature without too much fuss, so that they can then be 

commented on Of course, different people have different opinions about 

what constitutes nutty. 

You[r] global diurnal effect agree[s] pretty much with mine, but it's the 
*opposite* sign. The real difference is in the tropics. I suspect the same 
calculation for 20S to 20N will show a much larger effect. With the model- 
based diurnal correction, the big disagreement with the surface in the tropics 
goes away. 

[Carl Mears Remote Sensing System] 

So, the apparent contradiction between my testimony and the letter from Mr. Wentz 
sprang from a misunderstanding of how two different datasets were being addressed. 
One (MT) was solved without sharing the specific code but for which we did supply 
ancillary data files and considerable information. The other (LT) needed parts of the 
code to resolve the discrepancy. In the Hearing, Mr. Waxman dealt with the former 
while I dealt with the latter. In both cases, however, UAH did cooperate with RSS. 

Mears, C.A., M.C. Schabel, and F.J. Wentz, 2003: A reanalysis of the MSU channel 2 
tropospheric temperature record. J. Climate, 16, 3650-3664. 


Mears, C.A. and F.J. Wentz, 2005: The effect of diurnal correction on satellite-derived 
lower tropospheric temperature. Science, 309, 1538-1551. 
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(2) As you were a member of the National Research Council panel that recently 
issued the report on millennial temperature reconstructions: 

(a) Where in the report did the panel describe “plausible” as suggesting 
roughly a 2/3rds probability of being correct. 

(b) In the report, did the panel attach probability estimates to the term 
“plausible”? 

(c) Why did the panel choose to use the term “plausible,” as opposed for 
example to terms such as “likely”, to describe confidence in millennial 
temperature reconstructions? 

(2a) Answer 

The report did not intend for “plausible” to be equated with “2/3rds” probability of 
being eorreet. My view ,as a panel member, is that “plausible” was ehosen to indieate a 
laek of quantifiability in deseribing eonfidenee in pre-1600 temperatures. 

(2b) Answer 

“Plausible” was ehosen preeisely beeause it implied that probability estimates eould 
not be assigned to pre-1600 temperature estimates due to (a) the limited amount of proxy 
information available and (b) the unknown eonfidenee with whieh these proxy reeords 
may determine temperature. The eurrent proxies are mostly eonsistent with the notion 
that pre-1600 temperatures were eooler than late 20^^ eentury temperatures, but the 
evidenee is still too meager and uneertain. 

(2e) Answer 

As a member of the IPCC 2001 Lead Author team I outlined in my testimony why 
the word “likely” was ehosen in that doeument. “Likely” in the IPCC 2001 terminology 
had an estimated likelihood defined as being at least 2/3rds probable. The NRC panel 
ehose “plausible” for reasons given in (2b) above. My view of the NRC report is that our 
IPCC statement was inadequate in that the IPCC should have separated the last 
millennium into two periods with higher than “likely” eonfidenee for post- 1600 and 
lower than “likely” eonfidenee for pre-1600 estimates. 

(3) When considering the panel’s findings that it is “plausible” that recent decades 
were the warmest in a millennium, is it correct to interpret that to mean the panel’s 
consensus view was that plausible means roughly 2/3rds probability of being 
correct, as was suggested in the news reports following the press conference 
releasing the report? 

(3) Answer 

I was disturbed when reading the press reports that implied the panel had endorsed 
with “likely” eonfidenee statements about the pre-1600 temperatures. The panel did not 
eonelude that there was a 2/3rds probability that late 20^^ eentury warmth was greater 
than at anytime prior to 1600. As noted above, there are indieations that sueh is the ease, 
but the data do not allow statements of quantifiable eonfidenee to be made at this point. 

(4) In your testimony, you mention your recent study relating to California regional 
temperature trends and human influences on those trends (Christy et al. 2006a). 
Please describe the purpose and conclusions of that study. 
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(4) Answer 

As a native of Fresno and an avid weather observer sinee being a teenager there, I 
had an abiding interest in determining the extent of temperature ehanges in the Valley. 
This eventually led to a study funded by the National Seienee Foundation. The first part 
of the study was a data gathering effort in whieh every available long-term dataset for the 
Valley and nearby Sierras was aequired, many by manual digitization from paper reeords. 
The seeond part was the development of a means to merge all of these data into a 
regional time series of temperature for daytime and nighttime temperatures separately, for 
eaeh season separately and for the Valley and Sierras separately. 

We diseovered that Valley nighttime temperatures were rising rapidly while daytime 
temperatures were generally falling slightly. In the Sierras however, there were no real 
signifieant trends, with perhaps a suggestion of nighttime eooling in summer and fall. 
This result suggests that the signifieant ehanges in the land surfaee of the Valley 
(irrigation and perhaps urbanization) are eausing the ehanges in the Valley. The faet 
there were no long-term ehanges in the Sierras for this period suggests that the enhaneed 
greenhouse effeet has not been a signifieant faetor in Central California in terms of 
temperature ehanges. (For regions this small, one must always eonsider the natural 
variations of elimate as also being an issue with whieh to deal, but sueh variations should 
have affeeted both Valley and Sierra in the same way.) 

(5) Please explain why the measurement of average global (or average hemispheric) 
temperature change does or does not represent an adequate metric for 
understanding or predicting the risks of potential climate change impacts. 

(5) Answer 

Thermometers near the surfaee will respond to all of the foreing proeesses that aet 
upon them. Thus, surfaee temperature over land will show responses to ehanges sueh as 
urbanization and other land-use ehanges in addition to that of atmospherie foreing from 
aerosols or greenhouse gases. As a result, it is diffieult to extraet out the impaets of one 
partieular foreing on surfaee temperature with high eonfidenee. 

Daily temperature is eommonly reported as two values, the maximum and 
minimum, from whieh the daily average is ealeulated. Maximum temperature is more 
relevant for elimate ehange as it oeeurs when the surfaee and upper atmosphere are more 
elosely eonneeted through vertieal mixing and thus will give a better idea of what the 
general elimate system as a whole is doing. Minimum temperature is more elosely 
related to a shallow layer near the ground and is thus impaeted more by urbanization, 
aerosol pollution and other land-use ehanges. Thus, daily average temperature is partially 
dependent on proeesses that impaet minima. 

Theoretieally, the temperature of the oeean surfaee is a better quantity to measure in 
terms of observing a variable that has a more direet relationship to a foreing sueh as 
greenhouse gases. However, there are large areas of the oeean that have never been 
systematieally observed over long-periods, and the manner by whieh oeean temperatures 
have been taken and the assoeiated biases eontain a eertain level of uneertainty, 
espeeially in the earliest years. 

Surfaee temperature is one metrie for assessing elimate variations and ehange, but is 
less informative than others. Indeed the ability of model simulations to depiet surfaee 
temperature distributions is quite primitive at this stage. Foeusing on the global average 
surfaee temperature also eireumvents the faet that the spatial distribution of those ehanges 
is more important than the overall average in terms of risk and impaet. For example, our 
work in California, the SE USA and preliminary work in East Afriea indieate models are 
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not able to replicate what the observations since 1900 have shown, though for the global 
average they are not in great error. Additionally, the lowest layer (or boundary layer) of 
the atmosphere in which these surface thermometers are positioned, is an extremely 
complicated part of the climate system which is not well-represented in climate models. 
Average surface temperature, while valuable in local terms to humans who live on the 
surface, is a rather limited and complicated variable, compounding its lack of utility in 
providing a high level of understanding about greenhouse-gas induced climate change. 

A much more fundamental measurement needed to assess how various forcing 
mechanisms are affecting the planet is the heat content, which is essentially the number 
of joules of energy in the system. So, by counting the number of joules of energy in the 
deep atmosphere, ocean (mainly upper ocean), and other components such as ice caps, 
one has access to a better metric for understanding how much extra energy is (or is not) 
being trapped in the climate system. Knowing the number of joules, however, is still a 
step removed from knowing whether particular components of the Earth (and human) 
system might be at “risk” for a significant impact. 

It is a very subjective task to address the idea of “risk” of potential impacts of a 
changing climate (either natural or human-induced) from surface temperature 
considerations, and as important, the possible impact of specific policies. The various 
processes that affect surface temperature render it a less-than-optimal gauge of human- 
induced climate change impacts, even if concentrating on the better measure - daily 
maximum temperature. Thus, it is even more difficult to assign an observed change in 
surface temperature to a particular cause. 


Questions from Rep. Supak for John R. Christy 

(1) In your written testimony, you stated that the poor of the world are more 
vulnerable to the impacts of poverty, water and air pollution, and political 
strife (sic) than to whatever the climate does. You also made a plea that 
the poor of the world not be denied the use of energy. A recent article in 
the Washington Post recorded the tremendous cost of subsistence farmers 
and urban dwellers in Peru because of the melting of the glaciers that has 
caused a water crisis. The loss of glacial ice in the Himalayas will affect 
300 million people relying on snowmelt for the water supply. (See 
attached, “On the roof of Peru, Omens in the Ice; Retreat of Once-Mighty 
Glacier signals Water Crisis, Mirroring Worldwide Trend,” July 29, 2006, 
Al.) 

(a) Is it your position that nothing should be done in the developed 
world to control its fossil fuel energy use while we wait for 
development to reach these poor people who are directly 
suffering today from the effects of climate change? 

(b) What do you propose to protect the poor people of the world 
today from the effects of climate change, particularly as it relates 
to their water supply and ability to raise crops to feed their 
families? 

This is an important issue to me and I will strive to provide a policy-relevant answer. 
Thank you for addressing an issue that has considerable import to millions. 

The questions above are introduced with a Washington Post news article describing 
the apparent plight of Peruvians who depend on annual snow/glacial melting for a portion 
of their water needs. These types of articles generally present dramatic assertions and 
tend to highlight whatever is alarmist and attention-grabbing. After all, the ability of the 
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media to survive is dependent on how many people’s attention may be grabbed. 
Assertions are not seienee. Seienee is numbers (as Lord Kelvin said.) 

Tropieal glaeiers have been advaneing and retreating for thousands of years, and are 
not exeeptionally good indieators of temperature. (Note for example: Seientists Unravel 
Mystery of Growing Glaeiers, 24 Aug 2006, Guardian Unlimited, deseribing the growth 
of glaeiers in the western Himalaya, Karakoram and Hindu Kush mountains.) In Fig. 6. 1 
of the NRC Surfaee Temperature Reeonstruetion Report (2006 of whieh I was a eo- 
author), iee eores of three glaeiers are shown for South Ameriea and three for the Tibetan 
Plateau. Two of the 6 show an inerease in the proxy temperature sinee 1000 A.D. while 
the other 4 show level or deelining trends. In partieular, the glaeier identified in the Post 
artiele (Queleeaya) shows a long deeline (eooling) to about 1800 with a rise to about 
1950 and fairly level sinee then whieh doesn’t mateh human-indueed elimate ehange 
theories well at all. Dr. Lonnie Thompson, who studies this glaeier more than anyone, 
indieated to me that he believed this glaeier was about 1,500 years old. Thus, it appears 
that these glaeiers advanee and retreat on many time seales and should not be depended 
upon for the long term. This is what the numbers suggest. 

A soeiety whieh depends on the annual melting of “glaeial” iee is therefore 
dependent on an erratie system. The following letter to the editor addresses the problems 
of the Peruvian water situation, noting that ineffeetive water management rather than 
global warming is the problem. 

Peru Shows Why Water Privatization Is Needed 

Washington Post 
Sunday, August 6, 2006; B06 

Doug Stmek reported on the water erisis in Lima, Peru, and on the role that 
aeeelerated glaeier melting has played in reeent years ["On the Roof of Peru, 
Omens in the Iee," front page, July 29]. But more than a billion people 
throughout the developing world laek aeeess to elean water, and that is largely 
due to the dismal performanee of the publie seetor, whieh is in eharge of 97 
pereent of formal water distribution in poor eountries. Water shortages are even 
eommon in Cherrapunji, India, whieh has been deseribed as the wettest plaee on 
Earth. 

In Lima, a quarter of the eity's 8 million people don't have piped water. The 
artiele quotes an engineer at Peru's publie monopoly who suggests that if the 
utility did eonneet those 2 million people, there would not be enough water to 
serve them. The artiele does not mention that some 40 pereent of the water 
piped through the publie utility is lost to leakages and otherwise unaeeounted 
for. 

Peru's publie water utility has failed to serve a huge pereentage of the 
population for deeades. Privatization would inerease aeeess to water, reduee 
death and diseases, and introduee aeeountability and rational prieing, as 
eountless eases of sueeessful water privatization around the world have shown. 
The first to benefit would be Lima's poor, who eurrently pay exorbitant blaek- 
market priees for water. 

IAN VASQUEZ 

Direetor 

Projeet on Global Eeonomie Eiberty 
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Cato Institute 
Washington 

The main problem in poor agrieultural soeieties like Peru is that the eountry's 
institutions and regulations eneourage wasteful water usage in rural areas that partieularly 
harm the poor. Agrieultural produetivity is mainly undermined by major faetors (laek of 
property rights, elosed eeonomies, eivil wars, state marketing boards, erratie 
maeroeeonomie poliey, low growth, bad infrastrueture, ete.) that have nothing 
whatsoever to do with global warming. In areas like Peru where glaeier melting seems to 
have redueed water supply, it would be far eheaper to pay for a range of solutions (a 
system of dams and irrigation, reloeation of some vulnerable eitizens, ete.) than it would 
to implement alternatives that would reduee growth in both rieh and poor eountries and in 
the end have no impaet on the problem. So the better approaeh is to eneourage loeally- 
foeused solutions at a far smaller eost than top-down energy suppression measures whieh 
in reality will not impaet the elimate. 

In summary, alarmist artieles, sueh as was as attaehed with these questions, are not 
designed to give hard seientifie information from whieh poliey ean be made. The real 
issues in this arena often boil down to how publie water management entities have failed 
to store, alloeate and distribute water effeetively, effieiently and sustainably. 

(la) Answer 

As indieated in my testimony, it is my view that people should be given greater 
aeeess to energy produeed by the most effieient and elean means possible beeause energy 
provides longer and better lives. At present, mueh of the poor’s energy is produeed from 
biomass burning (wood, dung) whieh destroys habitat and fouls the air with toxie smoke. 
In that eontext, energy from fossil fuels ean be an environmental and humanitarian step 
forward. Though expensive and intermittent, other sourees, sueh as solar or wind, eould 
help fill part of the gap. However, eost, reliability and base-load power requirements are 
three faetors that must be eonsidered and whieh tend to work against solar and wind. 

I do not subseribe to the notion that elimate ehange (about whieh we ean do 
anything about) is eausing these people serious problems today. Tropieal glaeiers are 
known to have advaneed and retreated many times in the past. People who are dependent 
on a partieular status quo of a dynamieal system like mountain glaeiers are operating in a 
belief-system that the aetual elimate eannot guarantee. The present retreat of several of 
the glaeiers in this part of the tropies leads one to hope these people ean adapt to sueh 
variability. (But note above the growth of glaeiers in South Asia.) Their water still falls 
as rain and snow, and eapturing that water for dry spells is a prudent plan to pursue. The 
issue of water poliey goes far beyond Peru and the impaets of elimate ehange (see 
below). 

(lb) Answer 

Let me first say that the future distribution and quantity of rainfall is unknown. 
Rainfall patterns have been notoriously variable over the eenturies as evideneed by paleo- 
elimate researeh during the period when no human-influenee on elimate was possible. 
Additionally, rainfall in general is more important than temperature for sustaining life. 

Climate models are unable to eonfidently prediet where the rain may inerease, 
deerease or stay the same. Further, efforts to “eontrol” elimate ehange are misguided as 
we have no way to eonfidently determine how a partieular poliey for eontrolling 
greenhouse gases will impaet preeipitation. 

Water poliey is a vast and eomplex issue with elimate variability being only one 
eomponent. The politieal aspeets of water availability are signifieant and the growth of 
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water-dependent systems (human and agrieultural) in desert areas is going to be a 
ehallenge to sustain whatever the elimate does (see introduetory eomments to these 
answers). In the U.S. for example, we know that ereating the availability and 
performanee of an aere-foot of fresh water in California (where over 80% goes to 
irrigation) eosts about 15 times that of ereating the same aere-foot in Alabama. Where 
then should the eountry invest its funds for the most benefit, both finaneially and 
environmentally? 

The poliey-relevant issues for a politieal body are to determine (1) where and how 
mueh water there is, (2) who owns the water and therefore who eontrols its use, (3) what 
uses are sustainable environmentally, finaneially and politieally, (4) what infrastrueture 
may be built to use the available water effieiently, eonfidently and sustainably, and (5) 
what ineentives are available to pay for (4). 

I suspeet water will beeome more and more eommoditized in the future, so that 
some investment will eome from the eommereial seetor to store and distribute water. 
How governments, espeeially poor governments, take advantage of sueh investments to 
provide elean water for human eonsumption (and a great leap forward in health eare) will 
be done on a eountry-by-eountry basis, but I eannot prediet how effeetive that proeess 
will be. U.S. polieymakers eould faeilitate the reduetion of water erises by helping 
governments answer these 5 questions. 

(2) Your published work on satellite-derived lower tropospheric temperature 
data was used for several years as evidence that there is no global 
warming, since it appeared to show that the temperatures in the tropics 
were actually cooling. In 2005, Dr. Carl Mears and Dr. Frank Wentz of 
Remote Sensing Systems in Santa Rosa, California, published an article in 
Science magazine showing that, because of orbital drift and decay that was 
not controlled for in your study, the temperature measurements were 
gradually taken later and later in the day when temperatures were cooling. 
The article also found a mathematical error in your work. When 
corrected, the data pointed to an increase in tropical temperatures, not a 
decrease. 

Is you original work still being used as evidence that there is no global warming? 
Have you corrected this work? 

There are a number of issues intermingled in these eomments and questions that 
need elarifieation. Beginning in June 1998 and for every month sinee then, the 
University of Alabama in Huntsville (UAH) global temperature measurements reported 
positive global trends for all versions of the lower tropospherie (LT) temperature dataset. 
The tropieal trends were not different from a zero trend when Mears and Wentz began 
looking at the methodology of our version 5.1 (v5.1). As noted in my testimony they 
diseovered an artifaet of our adjustments for satellite drift whieh ereated a eooling error 
in the tropies for LT. (We produee other temperature produets whieh used the same 
methodology to aeeount for this drift but whieh were not affeeted by this artifaet.) 

A fair bit of eonfusion arose when Mears and Wentz published the diseovery of this 
error in August 2005 and in the same publieation introdueed a new LT dataset of their 
own. The implieation of this publieation was that the error they found was the differenee 
between our old dataset and their new dataset whieh was signifieant, about 0.10 
°C/deeade. In other words, the impression given in the artiele was that their new dataset 
represented a eorreeted version of our old dataset. Unfortunately, this was not the ease. 
The aetual impaet of the error in UAH’s v5.1 was not addressed in their paper. As Roy 
Speneer and I published in Science magazine later in 2005, the effeet of that error was 
small, +0.035 °C/deeade (at that time from +0.090 to +0.125 °C/deeade), being within 
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our originally published error margin assigned to v5.1. In the tropies, the effeet was to 
inerease the trend from +0.00 to +0.05 °C/deeade. 

We eorreeted the error in May 2005 and with the publieation of Mears and Wentz 
put the data on a publie website in August 2005, though it was provided to several 
seientists before that date. This new version, v5.2, has been publiely available sinee that 
time. So there are two LT datasets with somewhat differing trends, UAH’s and RSS’s. 

Of interest to the eommittee is the faet I will have two papers to be published shortly 
whieh indieate UAH v5.2 is highly eonsistent with independent temperature 
measurements of the LT layer. These papers show that it is very likely that the tropieal 
atmosphere is warming at a rate equal to or less than that of the surfaee, a eharaeteristie 
no elimate model that we have examined replieates. Thus, there is evidenee that the 
theoretieal ideas of how the large-seale atmosphere should be responding to the enhaneed 
greenhouse effeet, as embodied in elimate models, still have shorteomings. 

As to the first question, we provide only the latest version of our data to the publie. 
And, sinee 1998 any version of our lower tropospherie dataset would have shown a 
positive global trend. Thus, if someone is using UAH data to elaim no global warming, I 
would speeulate they are likely using pre-1998 data or are somehow altering the data to 
make that eonelusion. I don’t know of any eurrent elaims to that effeet, and UAH has 
been forthright in reporting positive trends (and the likelihood that at least part of that 
positive trend is due to enhaneed greenhouse gases) these past 8 years. 

In answering the seeond question, the diseussion above deseribes the events that led 
to the eorreetion of the drift error and UAH’s eorreeted data have been publiely available 
sinee August 2005. However, one should be aware that datasets are always subjeet to 
revision, and we look forward to v6.0 of our eurrent dataset, though there will be little 
ehange in the outeome relative to v5.2. 



Response for the Record of Dr. Ralph J. Cicerone, President, National Academy 

OF Sciences 


Responses to questions following the July 27, 2006 hearing before the 
Subcommittee on Oversight and Investigations 
Committee on Energy and Commerce 
U.S. House of Representatives 

Ralph J. Cicerone, Ph.D. 

President, National Academy of Sciences 


The Honorable Bart Stupak 

1 . We have heard the view expressed that the global warming that we are experiencing 
today is part of a sinusoidal wave that reflects the earth’s normal warming and 
cooling patterns. Do you agree with that view? If not, please explain why. 

No, I do not agree. Let me explain. 

In geological history, there are some examples of quasi-periodic variations in the Earth’s 
climate that must have been natural. Changes in the Earth’s orbit around the Sun, known 
as Milankovitch cycles, are associated with climate variations over long timescales, such 
as the ice ages that have occurred over the last few million years. Also, the internal 
dynamics of the tropical ocean and atmosphere give rise to the El Niflo phenomenon, a 
warming of the central and eastern tropical Pacific Ocean that is associated with climate 
impacts across the globe every 2 to 5 years. However, while the El Ninos affect large 
regions, they are not global. 

In contrast, no known natural phenomenon can explain the observed warming of the past 
30 years, which has been continuous, rapid and widespread. Furthermore, the magnitude 
and pattern of this recent warming matches what we expect based on the observed 
increase in greenhouse gas concentrations and other human activities. 


2. Please describe the peer review process that was used for the National Academy of 
Sciences (NAS) report on global temperature reconstruction. 

Every report prepared by a National Research Council committee is reviewed by a group 
other than its authors. This independent review distinguishes the NRC from many other 
organizations offering scientific and technical advice on important national issues. The 
purpose of review is to assist the authoring committee in making its report as accurate 
and effective as possible. 

The review of the report Surface Temperature Reconstructions for the Last 2000 Years 
followed the National Academies’ normal, rigorous peer-review process. The review 
was overseen by the Report Review Committee (RRC), made up of approximately 30 
members of the National Academy of Sciences, National Academy of Engineering, and 
Institute of Medicine. The Board on Atmo^heric Sciences and Climate (BASC), in 
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consultation with the RRC, appointed a group of 13 independent reviewers with a broad 
range of expertise and diverse perspectives on the issues addressed in the report. The 
identity of reviewers is considered to be privileged information during the review 
process. Anonymous review is intended to encourage individual reviewers to express 
their views freely and to permit the authoring committee to evaluate each comment on its 
merits without regard for the position or status of the reviewer. The names and 
affiliations of the reviewers were made public when the report was released, but their 
comments remain confidential. 

The draft report was sent to the 13 reviewers only after all authors indicated that they 
were satisfied with its form and content. Reviewers received the complete report 
(including front matter, preface, executive summary, and appendices) along with the 
committee’s statement of task and the NRC review guidelines. Reviewers were asked to 
provide written comments on any and all aspects of the draft report, including the 
accuracy of the committee’s analysis and the responsiveness of the committee to its 
charge. The authors were required to respond in writing to every review comment, 
revising the report where appropriate. These responses were evaluated by a review 
monitor appointed by the RRC and by a review coordinator appointed by the NRC 
Division on Earth and Life Studies. The report was not released until after the review 
monitor, the review coordinator, and all members of the authoring committee approved 
the revised draft. Once the review process was successfully completed, no changes (other 
than minor editorial corrections) were made to the approved text. 


3. Please describe the key elements of academic peer review, such as who picks the 
reviewers, whether comments can be submitted anonymously, and who decides 
whether the paper can be published if there are negative comments that the authors do 
not accept. 

Each scientific journal has its own policies for peer review, but there are some standard 
features among them. Generally, submitted manuscripts are assigned to an editor who 
has expertise on the general topic. These editors conduct a first level review of the 
manuscript to determine if it meets basic criteria for publication in the journal (e.g., 
length, appropriateness of subject matter, etc.). Some manuscripts are rejected outright at 
this stage. 

If a manuscript is considered suitable for the journal, it will be sent out for peer review. 
Usually, two or more reviewers are chosen by the editor. In some cases, the journal may 
ask the author(s) to suggest potential revie^\ers who have the appropriate expertise, but 
the editor or an associate editor will make the ultimate decision. Reviewers are typically 
asked to submit comments on the manuscript and to make a recommendation on its 
suitability for publication in the journal. Once the reviewers’ comments have been 
submitted, the editor decides whether to accept the manuscript for publication (perhaps 
with some minor revisions), ask the authoi(s) to make significant revisions and submit 
the paper for re-review (in which case the process is repeated), or rejectthe paper. In the 
case that two reviewers disagree about the suitability of a manuscript for publications, the 
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editor may solicit an additional tie-breaking review or ask the author(s) to prepare a 
rebuttal to the critical reviews. Usually all of the review comments are shared with the 
author(s), regardless of the decision to public, but the identity of the reviewers is kept 
anonymous throughout the process, even after publication, unless a reviewer specifically 
requests for their anonymity to be waived. 

In prestigious journals such as Science and Nature, the vast majority of manuscripts (up 
to 95%) are rejected at some point in this process. Acceptance rates in other journals vary 
considerably but are usually higher. For example, acceptance rates at the various journals 
published by the American Geophysical Union, including the Journal of Geophysical 
Research, range from about 50-80%. 


4. During the hearing, you referenced information on CO 2 concentrations in Antarctica 
going back 650,000 years. Is this information quantitative or qualitative? 

High quality, quantitative measurements of CO 2 concentrations are available from ice 
cores in Antarctica extending back to about 650,000 years before present (Siegenthaler, 

U. et al., 2005. Stable Carbon Cycle-Climate Relationship During the Late Pleistocene. 
Science, i7(?, p. 1313-1317). These measurements aie obtained by analyzing the air 
extracted from small bubbles trapped in the ice, which reflect atmospheric composition at 
the time when the snow that formed each layer was compacted into ice. Because CO 2 is 
well-mixed in the atmosphere, the CO 2 concentration at Antarctica is representative of 
the globally-averaged atmospheric concentration. The measurements by Siegenthaler et 
al. show that CO 2 did not exceed 300 ppmv (parts per million by volume) during the 
650,000 years that preceded the industrial era. Present concentrations of COz in the 
atmosphere are about 380 ppmv, and current projections indicate that the level will reach 
450 ppmv by mid-century. 

When evaluating CO 2 data from ice cores, there aie two types of uncertainties to 
consider: (1) uncertainty in the concentration of CO 2 for any particular measurement, 
which tends to be small, perhaps a range of a few ppmv; and (2) uncertainty about dating 
the measurements, which can be as large as 1300 years for the earliest part of the record. 
This second source of uncertainty complicates efforts to synchronize measurements of 
CO 2 (and other gases, such as methane) with ice core measurements of temperature, 
which are calculated based on the properties of the ice rather than the trapped air bubbles. 
Thus, an open research question is whether the rises and falls in greenhouse gas 
concentrations lead or lag the rises and falls of temperature associated with glacial- 
interglacial cycles (e.g., Mudelsee, M. 2001. The phase relations among atmospheric CO 2 
content, temperature, and global ice volume over the past 420 ka. Quaternary Science 
Reviews, 20. 583-589). This question is especially pertinent for the temperature increases 
after ice ages, which often occurred over only a few thousand years. Most analyses 
indicate that temperature increases have preceded increases in CO 2 when the Earth warms 
after an ice age (e.g., Hansen and Sato, 2004. Greenhouse gas growth rates. Proceedings 
of the National Academy of Sciences, 101(46), p. 16109-161 14.). However, this should 
not be interpreted to suggest that the current increase in CQz concentrations will not 
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produce further global warming, only that other processes (such as orbital forcing or 
changes in ocean circulation) may have initiated the rebound in global-mean temperature 
after ice ages. 


5. Did the NAS Surface Temperature Reconstruction Committee find any temperature 
reconstructions that show global or Norftiem Hemisphere temperatures in the 
medieval period higher than recorded temperatures today? 

The paucity of proxy data for periods prior to about 1600 A.D., especially in the tropics 
and the Southern Hemisphere, limited the committee’s confidence in statements regarding 
the global mean temperature of the past few decades compared to medieval times. 

Several proxies indicate that the area around Greenland was warmer between about 1000 
and 1200 A.D. than it is today. There is also evidence for warm temperatures during 
medieval times from other regions of the world. However, several studies suggest that 
these warm anomalies appear to have occurred at different times and at different places 
rather than being hemispherically or globally synchronous, and also appear to have been 
offset by cold anomalies in other regions. Although it is difficult to quantify the full 
uncertainty associated with estimates of surface temperature prior to about 1600 A.D., all 
of the large-scale surface temperature reconstructions that the committee examined 
support the assertion that global-mean temperatures during the last few decades of the 
20th century were unprecedented over at least the past 1,000 years, and a larger fraction 
of geographically diverse proxy records experienced exceptional warmth during the late 
20th century than during any other extended period from 900 A.D. onward. Hence the 
committee found it plausible (or in other words, no evidence exists to refute the claim) 
that "the last few decades of the 20th century were warmer than any comparable period 
over the last millennium." This statement can be more strongly applied to the Northern 
Hemisphere than to the globe because there is very little proxy data from the Southern 
Hemisphere before about 1600 A.D. 
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Response for the Record of Mr. Stephen McIntyre, Toronto, Ontario, Canada 

Response of Stephen McIntyre to Questions in Connection with 
Testimony to the Subcommittee on Oversight and Investigation, House 
Energy and Commerce Committee 

QUESTIONS FROM HON. BART STUPAK 

Figure 4.3 in Dr Wegman *s report is represented to be a re-computation of Figure 3 
from MMOSb. Please answer the following questions based on your computation of 
Figure 3 in MMOSb. 

1) Is the way the data is centered the only difference between the two panels in 
Figure 4.3? 


The purpose of Figure 3 of McIntyre and McKitrick [GRL -2005] was to illustrate 
the difference between “conventional” principal components methodology, as Mann 
et al 1998 (MBH) had said that they used, and the methodology actually used in 
MBH. 

There were two other differences in addition to centering. 

There are two standard options in principal components algorithms - use of a 
covariance matrix or use of a correlation matrix. The ITRDB North American tree 
ring network (“NOAMER”), which is illustrated in Figure 3, consists of tree ring 
chronologies already standardized to common dimensionless units, a point noted in 
Huybers [2005] as follows: 

NOAMER records are standardized chronologies [Cook and Kairiukstis, 1990], reported as 
fractional changes from mean tree ring width or maximum ring density after correcting for the 
effects of increasing tree age 

For networks denominated in common units, most statistical texts [Rencher 1992, 
2002; Overland and Preisendorfer, 1982; North et al 1982 - see discussion in 
McIntyre and McKitrick 2005c] recommend use of the covariance matrix. 

However, instead of using the covariance matrix, MBH had divided the tree ring 
chronologies by the detrended standard deviation in the calibration period. 

This procedure is related to, but not identical to using a correlation matrix. First, 
the division is not by the standard deviation over the entire period (which is 
equivalent to using a correlation matrix), but only in the calibration period; and the 
detrending within the calibration period has a further impact. Although these steps 
were not described in MBH98, we reported these steps in McIntyre and McKitrick 
[GRL -2005] as follows (and applied these in the calculation of the top panel): 

Each tree ring series was transformed by subtracting the 1902-1980 mean, then dividing by the 
1902-1980 standard deviation and dividing again by the standard deviation of the residuals from 
fitting a linear trend in the 1902-1980 period. The PCs were then computed using singular value 
decomposition on the transformed data. 
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2) Were the same R commands used to carry out the PC analyses for the upper and 
lower panels? 


The top panel was calculated using the R function svd after de-centering the data 
and dividing by its calibration period detrended standard deviation, as described 
above. The bottom panel was calculated using the R function princomp with the 
default option of the covariance matrix. The code was archived at the time at the 
following location ftp : //ftp . agu .org/apend/gl/2004GL02 1750 . 

Both panels could have been calculated using only one R function prcomp, (which 
has a different option than princomp) by using the center = FALSE option in the top 
panel on data de-centered as discussed above and by using the center = TRUE for 
the bottom panel. 


3) Was the upper panel processed based on a correlation matrix? Was the lower 

frame processed on a covariance matrix? If the answer to both questions is yes, 
does this not have the effect of comparing standardized data with non-standardized 
data? 

The upper panel replicated the original calculation by Mann et al, which did not use 
a correlation matrix, either in the original code or in our replication of it. It carried 
out singular value decomposition (svd) on the de-centered data, rather than on either 
a correlation or covariance matrix. The bottom panel was calculated on a 
covariance matrix. 

Tree ring chronologies in the ITRDB network are already standardized to 
dimensionless units. So all of the various calculations are comparisons of 
standardized data. 

The issue of whether to divide chronologies by their standard deviation (i.e. using a 
correlation matrix rather than a covariance matrix) is a separate question, which 
should have been addressed by the original authors. As noted above, the statistical 
procedure recommended in standard references is not to divide series denominated 
in common units by their standard deviation. The issue was considered in passing 
by the NAS panel, who stated: 


In this case, an argument can be made for using the variables without further normalization, (p 101) 

The purpose of Figure 3 was to compare the most plausible interpretation of the 
stated methodology with the actual methodology - which had not been accurately 
reported in the original article. All the data had been standardized. 
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QUESTIONS FROM HON. ED WHITFIELD 

1) In his testimony y Dr Mann cites articles by Huybers and by von Storch and Zorita, 
which specifically address your published work. For the record, did you have an 
opportunity to respond in the literature to these studies? If so, what was your 
response? (Please provide a brief description, including abstracts if available,) 

We responded to both Huybers and Von Storch and Zorita in the peer-reviewed 
literature [McIntyre and McKitrick 2005c, 2005d]. (The form of Reply did not 
include an Abstract.) 

Huybers argued that using a correlation matrix to calculate the PCI in Figure 3 led 
to less difference with the MBH PCI than using a covariance matrix. Huybers 
argued that correlation PCs were a more appropriate calculation than either 
covariance PCs or the MBH method. In response, we showed 8 different possible 
calculations. In one such example, we observed that the standardization using 
autocorrelation-consistent standard deviations yielded a PCI which happened to be 
similar to the covariance PCI. We observed that the correlation PCI obtained from 
a network excluding the controversial bristlecone pines was similar to the 
covariance PCI (i.e. not hockey-stick shaped). We observed that the differences 
between these various permutations and combinations depended on the weight 
assigned to bristlecones. We stated once again that we ourselves did not propose 
covariance PCs as a method of “fixing” the bias in Mann’s methodology and stated 
that the obligation to establish the validity of any of these methods lay with the 
authors proposing the use of the methodology for climate studies. (Also see the 
related discussion above in the reply to Hon. Bart Stupak.) 

Huybers also argued that our simulations showing a higher benchmark for the RE 
statistic in MBH circumstances did not properly reflect a re-scaling step within 
MBH methodology. In response, we performed new simulations in which we took 
1000 simulated PCls saved from the simulations described by MM05; for each PCI 
in turn, we made a “proxy network” of 22 series with the other 21 being white 
noise (replicating the 22 series of the MBH98 AD1400 network). We then used 
MBH98 methodology on the proxy network, including inverse regression of the 
proxies. After calculating the reconstructed temperature principal component 
(RPC), we scaled the variance of the RPC to the “observed” variance of the 
temperature principal component prior to calculating a NH average, from which we 
calculated an RE statistic. The 99% quantile was 0.54, down slightly from 0.59 as 
found by MM05. 

Von Storch and Zorita argued that, in a network of pseudoproxies (which were 
designed to all contain a signal plus white noise), the biased Mann PC methodology 
did not have a material deleterious impact. In our Reply, we agreed that the impact 
of the flawed Mann methodology was much less in a “tame” network of the type 
assumed in the pseudoproxy network as designed by Von Storch and Zorita. 
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However, we argued that these pseudoproxies did not replicate essential features of 
the North American tree ring network, most notably, the potential contamination of 
bristlecone pine chronologies by non>climatic effects, and, as a matter of fact, the 
PC methodologies led to quite different results for the actual North American 
network. 

2) You state in your testimony that ''much relevant data " to the Mann et al work did 
not become available until the 2004 Corrigendum in Nature, and then, only after a 
formal complaint to Nature, Dr Mann testified that "our entire data set was 
available on the World Wide Web several years before** 2004, Were these the data 
that you were referring to in your testimony? 

Nature required Mann et al to issue a new Supplementary Information (SI) as part 
of the 2004 Corrigendum, The new Supplementary Information included, among 
other things, the following information not available in the original Supplementary 
Information: the temperature data set used in MBH98 from which gridcell standard 
deviations and temperature principal components were calculated; the number of 
principal component series retained for each network in each calculation step; and 
the proxy data used in the calculations. The Corrigendum itself identified 35 sites 
that were not used in the calculations, although they were listed in the original 
Supplementary Information as being used. 

Some essential information remains unavailable to this date - most notably, the 
reconstructions for the individual steps, particularly the AD1400 step in 
controversy. 

There is some question about when proxy data at Mann’s University of Virginia 
website became publicly available. The first public reference to the directory 
containing this data was in November 2003 in Mann’s response to McIntyre and 
McKitrick 2003. Mann has made claims that the directory became public in July 
2002. 

However, in April 2003, during my inspection of Mann’s FTP site, I had been 
unable to locate a directory for MBH98 proxy data. Accordingly, I emailed Mann 
and asked him for the location of the proxy data used in MBH98, Mann replied that 
he had forgotten where the data was, but undertook that his associate Scott 
Rutherford would locate it, Rutherford said that the data did not exist in any one 
place, but that he would get it together for us. A few weeks later, he provided a url 
at Mann’s FTP site from which I downloaded data. 

Following publication of McIntyre and McKitrick 2003, Mann identified a different 
url at his FTP site, containing a data archive which differed in material respects 
from the data archive previously identified by Mann’s associate, although many 
individual series were identical. 
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It is my belief that the directory that, in late October 2003 or early November 2003, 
this directory was moved from its previous location in a private directory that was 
not searchable by third parties without access to the complete URL and file name to 
a publicly searchable directory. 


3) Did you write the complaint to Nature? If so, what was your specific complaint and 
would you please supply a copy for the record, as well as any relevant response 
from Nature? 


We submitted a Materials Complaint in late 2003 (see Appendix A), listing 10 
items, including inaccurate disclosure of principal components methodology, 
incorrect listing of tree ring sites used in principal components calculations and 
requesting results of individual calculation steps. 

In February 2004, Nature sent us a response from Mann et al to the Materials 
Complaint (see Appendix B) and notified us that they would require Mann et al to 
issue a Corrigendum together with a new Supplementary Information. In March 
2004, they sent us a copy of the proposed Corrigendum, attached as Appendix C. 
Following receipt of the draft Corrigendum, I sent Nature a list of detailed 
comments on deficiencies in the Corrigendum (see Appendix D). They replied that 
most of these comments would not be addressed since “for reasons of space 
constraints, we insist that such publications are as concise as possible” (see 
Appendix E). In July 2004, the Corrigendum (Appendix F) was published with one 
material change from the draft Corrigendum (Mann et al asserted that “None of 
these errors affect our previously published results”, a claim not made in the draft 
Corrigendum.) 

After inspection of the Corrigendum SI in July 2004, we determined that it failed to 
resolve many of the issues raised in our original Materials Complaint and, on 
August 10, 2004, we submitted a fresh complaint to Nature (Appendix G), 
including a request for the still unavailable results of individual steps, including the 
15* century step in controversy. A month later, Nature replied, refusing to 
intervene and saying that disclosure of results of individual steps was up to Mann. 
We still have not obtained results of the individual steps. 

4) You note in your testimony that the IPCC does not carry out any due diligence on 
articles. Have you had an opportunity to conduct due diligence on articles as an 
outside reviewer of the IPCC draft assessments? If so, what has been your 
experience with conducting such analysis of the articles referenced in IPCC 
documents? 
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I have personally acted as an expert reviewer only for the IPCC Fourth Assessment 
Reports (IPCC 4AR) and was not involved in the Third Assessment Report. As an 
expert reviewer for IPCC 4AR, I attempted to conduct due diligence on two then- 
unpublished articles cited in IPCC 4 AR: D’Arrigo et al 2006 and Hegerl et al 
2006. 

In my capacity as a reviewer, I asked the IPCC Technical Services Unit (TSU) to 
provide me with supporting data for the two then unpublished articles, including 
such elementary information such as the identity of the sites used by Hegerl et al 
2006. The TSU refused to provide me with this data saying that they would not 
perform “secretarial” services me and referred me to the original authors. I then 
requested the information from the original authors, but could obviously not do so 
on an anonymous basis. The authors refused to provide the information. Shortly 
thereafter, Susan Solomon, Chairman, IPCC Working Group 1, wrote to me as 
follows; 

it is inappropriate to cite a function as a reviewer in the IPCC process as entitling you to access to 
additional information from authors of the unpublished papers available at our web site, which you 
have also done. 

Solomon asserted that such inquiries were a breach of the confidentiality agreement 
under which IPCC reviewers were permitted access to unpublished papers and 
stated: 

The IPCC rules for reviewing draft reports have served the scientific and policy communities well 
for numerous past international assessment rounds. If there is further evidence that you can not 
accept them, or if your intent is to use your access to the review process to challenge them, then we 
will not be able to continue to treat you as an expert reviewer for the IPCC 

In his answers to Senator Inhofe in 2003, Mann also commented on IPCC due 
diligence procedures (or lack of procedures) in the following terms: 

30. Did IPCC carry out any independent programs to verify the calculations that you made in 
MBH98 or MBH99? If so, please provide copies of the reports resulting from such studies. 

Answer: It is distinctly against the mission of the IPCC to "carry out independent programs", so the 
premise of the question is false. However, the IPCC’s author team did engage in a lively 
interchanges about the quality and overall consistency of all of the papers as the chapter was 
drafted and revised in the course of review. 



790 


QUESTIONS FROM HON. MARSHA BLACKBURN 

1) What is your opinion on surface records and satellite data as temperature proxies? 


I have no opinions on the quality of surface records and satellite data. I strongly 
object to the failure of the authors of the CRU temperature data to comprehensively 
archive their data and methods, especially since they have been funded for many 
years by the Department of Energy. 

2) Please explain to this committee the difficulty you have had in verification and 
replication of studies^ other than Mann, the NAS report used to examine the 
Medieval Warm Period, 


The studies illustrated in Figure S-1 of the NAS report showing the Medieval Warm 
period are: Esper et al 2002; Mann and Jones 2003; Moberg et al 2005. Hegerl et al 
2006 is only shown back to 1251. (Two other studies, Huang et al 2000 and 
Oerlemans et al do not provide results prior to 1500.) 

Esper et al 2002. The original article did not archive site chronologies or provide 
accurate site identifications. I first requested this information from Esper in 2003, 
but failed to receive any response. In 2005, 1 asked Science to intervene and obtain 
the unarchived site chronology and site measurement information. Over the next 9 
months, I received partial and piecemeal responses. Eventually, after over 20 email 
inquiries to Science, I received site chronologies and measurement data for 13 of 14 
sites; the Esper chronology for the Mongolia site is still outstanding. I have been 
unable to replicate important aspects of Esper’s results and requested either source 
code or methodological clarifications sufficient to permit replication. Esper has 
refused to provide this information and Science has not required him to do so. 

Moberg et al 2005. Moberg provided adequate digital references for 16 of 18 
series. However he failed to provide digital versions or digital references for the 
other 2 series, both necessary for replication and refused to provide them when 
requested. In late 2005, 1 filed a Material Complaint with Namre. Nature required 
Moberg et al to provide the two missing series (which they did) and a Corrigendum 
was published by Moberg et al in February 2006. I have asked Moberg to explain a 
discrepancy between the pubished version of one series and the version illustrated at 
Nature, but this presently remains unresolved. 

Hegerl et al 2006: In fall 2005, as noted above, in my capacity as an IPCC 4AR 
reviewer, I requested identification of the sites used in this study. Hegerl refused to 
provide this information. The study was released in preprint version only in 
September 2006 and my consideration of this study is still preliminary. The study 
was released without a supplementary data archive. 
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Two other studies considered by the NAS panel, but not illustrated in Figure S-1 are 
Osborn and Briffa 2006 and Thompson’s ice core data. 

Osborn and Briffa 2006: This has an archive of site chronologies as used, However, 
supporting measurement data was not archived for several key series used in this 
(and many other) studies: Yamal, Taimyr and the Tornetrask update. I asked 
Osborn and Briffa for this information and they refused. I then asked Science to 
obtain this data for me. They refused to require Briffa and Osborn to archive the 
supporting measurement data. 

Thompson: The NAS panel illustrated and relied on ice core data collected by 
Lonnie Thompson and associates. As of 2004, Thompson had not archived any 
information in respect to the key Himalayan ice cores, some of which was obtained 
as long ago as 1987 and had not responded to any inquiries. In 2004, 1 complained 
to Climatic Change, which had recently published an article by Thompson. As a 
result, Thompson provided a digital listing of the data graphed, but failed to provide 
a complete archive of isotope and chemical information collected from the ice core. 
IN 2005, 1 complained to Science, which had published many articles by 
Thompson. I received a listing of 6018 values for Kilimanjaro, but no other data. I 
have re-iterated this request to Science on numerous occasions without any success. 


Because the NAS Panel had relied to a considerable extent on unarchived data, in 
August 2006, 1 sent a letter to Ralph Cicerone, President of the National Academy 
of Sciences, asking him to request the various authors to archive data used in the 
NAS Panel report. The letter is attached as Appendix I. In September 2006, 
Cicerone refused to involve himself (see Appendix J). 

Following Cicerone’s refusal, I then wrote to Gerald North, Chairman of the NAS 
Panel, sending him the same request as I had sent to Cicerone and asking him to 
request the information from the various authors. North agreed to send the requests. 
However, as of Oct. 31, 2006, North had not reverted to report any success in 
obtaining data from any of the authors and I have received no new information from 
the various authors. 


3) What is your opinion on these other studies in the NAS Report? Do they follow 
Mann ^s methodologies? 

In my opinion, the other studies are also flawed to a degree that one cannot rely on 
them to establish a temperature reconstruction for the last millennium with any 
confidence. 
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Mann’s methodologies are applied to a considerable extent in these other studies. 

One of Mann’s most important methodologies was his introduction of bristlecone 
and foxtail pine growth chronologies into proxy reconstructions. As early as the 
1980s, these trees were known to have experienced an anomalous pulse in growth in 
the 20**’ century, which specialists had concluded was unrelated to temperature, and 
speculated that it was due to C02 fertilization. The IPCC Second Assessment 
Report warned of this potential problem in tree ring chronologies. The NAS Panel 
recently re-stated that strip-bark forms should be avoided in temperature 
reconstructions - a finding that disqualifies many, if not most, bristlecone and 
foxtail sites, as strip-bark samples were specifically sought out in many sampling 
programs and no sampling programs for bristlecones and foxtails that I am aware 
show that they have avoided strip-bark samples. 

Although multiproxy reconstructions prior to MBH98 (e.g. Bradley and Jones, 

1993) had avoided the use of problematic bristlecone chronologies, after MBH98, 
nearly all studies incorporated Mann’s methodology of using bristlecones and 
foxtails, including the studies illustrated by the NAS Panel: Mann and Jones 2003; 
Hegerl et al 2006; Moberg et al 2005; Esper et al 2002; Osborn and Briffa 2006, as 
well as many other studies including Crowley and Lowery 2000 and Rutherford et 
al 2005. 

In addition to Mann’s reliance on potentially flawed bristlecone and foxtail 
chronologies, the NAS Panel and the Wegman Panel criticized Mann’s principal 
components methodology, which tended to enhance the weighting of bristlecones in 
his North American tree ring network. Mann’s North American PCI, in addition to 
its use in MBH98-99, is used in Mann and Jones 2003, Rutherford et al 2005 and in 
the recent studies, Osborn and Briffa 2006 and Hegerl et al 2006. 
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APPENDIX A 

MATERIALS COMPLAINT TO NATURE 


December 17, 2003 
Karl Ziemelis, 

Physical Sciences Editor 

Nature Magazine 

Dear Dr. Ziemelis, 

Thank you for your email of December 9, 2003. For greater certainty, we confirm our 
request for disclosure of the following information: 

1) identification of the 1 59 series now said to be used in MBH98, together with a 
reconciliation to previous disclosure of the number of proxies available on various sub- 
intervals as set out in SI; 

2) the computer programs used to read in the 1 59 series, calculate the temperature index 
and to calculate the residuals; 

Further review of the materials has shown that, although there are references to the 
calculation of residuals in MBH98 and claims are made therein as to the properties of 
these residuals, there is no disclosure of the residuals themselves or evidence of their 
derivation in any existing supplementary information. These residuals are used to 
estimate confidence intervals. Accordingly, we additionally request disclosure of: 

3) all residual series, together with programs used in the derivation of residuals and 
confidence intervals in MBH98. 

We plan to submit a Communications Arising in which we analyze the most important 
issues resulting from our consideration of MBH98. In that paper, we stay away from 
disclosure inconsistencies and the usage/deletion of data. However, since they pertain to 
this materials complaint, we summarize those issues here and amplify the issues raised in 
our prior email. 

1 . The disclosure of data used in MBH98 at the Nature Supplementary Information 
(“SI”) appears to be materially incorrect. We have attached as Appendix 1 a listing of no 
fewer than 38 cases in which the series the series listed in the Nature Supplementary 
Information were not actually used in MBH98 (as evidenced at the UVA ftp site). This is 
obviously something that a reviewer would have been unable to identify since the UVA 
site was unavailable until at least the summer of 2002. 

2. There is evidence that some of these series were intentionally deleted. In this 
respect, we have attached as Appendix 2 the text of an email message in which an 
MBH98 co-author proposed the deletion of a series (arge030) as being “better for our 
purposes”. This series was deleted in the actual calculations, but was shown in Nature SI 
as being included. Under the circumstances, a full explanation is surely required as to the 
“purposes” involved. 
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3. MBH98 states that “the dendroclimatic data used were carefully screened for 
conservative standardization and sizeable segment lengths.” We have attached as 
Appendix 3 the text of an email in which the term “wild guess” was used to describe the 
inclusion or exclusion of certain series. In this case, the deletion of various series is 
recommended, but this recommendation is not implemented in the work shown at the 
FTP site. 

4. MBH have deleted portions of at least 3 series without explanation to the reader. In 
each case, the FTP site contains a parallel series with the correct data. The deletions 
include the first 70 years of the Central England historical temperature series, the first 25 
years of the Central Europe historical series and the first 2 years of chin04. In the first 2 
series, the issue is not merely that early decades were removed but that summer (JJA) 
data was substituted for annual data without notice to the reader. 

5. MBH have recently stated that the UVA FTP site is the repository of data actually 
used in MBH98. This site contains at least 10 series not used in MBH98 (see Appendix 
4), including an instrumental temperature series with decreasing 20th century 
temperatures. 

6. Some series in the North American PC region occur in duplicate versions, as 
summarized in Appendix 5. There is no rational description of the reasons for inclusion 
or exclusion as individual proxies. 

7. The SWM region used in MBH98 includes a site (Spruce Canyon CO), which is 

not in the site roster of the original article and which is in the roster of the NOAMER 
region. This apparently small point has a significant impact on 15th century values and 
we refer to this in our Communication Arising. 

8. Some data versions used in MBH98 were obsolete when the paper was published. 
Many more versions are now obsolete. The SI refers to WDCP as a reference for tree ring 
data, but this reference is inaccurate given the material differences between the version 
used in MBH98 and the version actually archived. Again, the differences can be material 
and we refer to one such example in our Communication Arising. There are other 
inaccuracies in the references of MBH98: for example, the citation Bradley- Jones 1992 
does not contain several instrumental sites referred to in MBH98. 

9. The disclosure of methodology for calculating temperature principal components is 
inaccurate. MBH98 describe their methodology as “conventional”. Conventional 
principal components fail with missing data. The underlying data set contains much 
missing data and some other procedure was necessarily used. 

10. The disclosure of methodology for calculating tree ring principal components is 
inaccurate. Again MBH98 methodology is not “conventional”. In this case, the FTP site 
contains computer programs which show that the data was transformed in ways not 
disclosed in MBH98, These undisclosed transformations have a material impact on the 
final results. We discuss this in our Communications Arising. 
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The last examples are of particular significance. As noted above, we have requested 
complete disclosure of the computer programs used in MBH98. Items (9 and 10) above 
shows that the disclosure of methods in MBH98 was either incomplete or misleading 
with respect to the principal components calculations. Given the influence of MBH98, 
meticulous verification should be possible and this cannot be accomplished with the 
requested disclosure. 

We believe that the other issues identified herein merit careful consideration as well. 


Yours truly, 


Stephen McIntyre 
Ross McKitrick 


Table 1 

Series Listed at Nat SI, but not used at UVA 


Region 

Number 

Identifications 

AUSTRAL 

1 

newz056 

NOAMER: 

22 

ak006, ak006x, ca070, wa019, wa025, 
wa027, wa033, wa039, wa041, wa071, 
wa074, wa086, wa088, wa091, 
cana053, cana053x, cana096, 
cana096x, cana099, canal 06, canal 10 
and canal 1 lx 

SOAMER: 

7 

arge030, arge060, arge065, chil015, 
chil016, chil017 and chil018 

STAHLE/SWM (“Southwest- 
Mexico”); 

2 

10 sites listed at NatSI; 1 1 at UVA (2 
series per site) 

VAGANOV: 

1 

#55 

MISC; 

5 

ffan003, ital015, ital015x, spai026 and 
spai047 

TOTAL 

38 
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APPENDIX B 

REPLY OF MANN ET AL. TO MATERIALS COMPLAINT, Feb. 2004 

1 . The disclosure of data used in MBH98 at the Nature Supplementary 

Information fST) appears to be materially incorrect We have identified no 
fewer than 38 cases in which the series the series listed in the Nature 
Supplementary Information were not actually used in MBH98 (as evidenced 
at the UVAftp site). This is obviously something that a reviewer would have 
been unable to identify since the UVA site was unavailable until at least the 
summer of 2002. 

This isn't correct. There were, as indicated above, 34 series that weren't used but 
were listed in our original posted supplementary information and 2 series that were 
used but not indicated. These differences are detailed in the text file to be posted in 
our revised supplementary information (mbh98datasummaryadd-delete.txt) that 
lists the data series that were either mistakenly omitted from the Supplementary 
Materials (2 series), or mistakenly included (34). 


2. There is evidence that some of these series were intentionally deleted. 

In this respect, we have the text of an email message in which an MBH98 co- 
author proposed the deletion of a series (argeOSO) as being ’'better for our 
purposes”. This series was deleted in the actual calculations, but was shown 
in Nature SI as being included. Under the circumstances, a full explanation 
is surely required as to the "purposes” involved. 

This is a very distasteful. The email in question (which was mistakenly placed in 
one of our data directories) describes results of a screening process of the available 
data used by Malcolm Hughes, based on considerations of mean segment length, 
replication of chronologies, and other technical details, that was used to determine 
what tree-ring chronologies met our standards for inclusion in the analysis (see 
below). The chronologies in question were never used in our analysis (they were 
simply listed incorrectly in the supplementary data, along with several other series, 
as indicated in the corrected data list) and to suggest that they were in some way 
'deleted' or that there was some ulterior motive to not including them, is deeply 
offensive. Specifically, the 34 series listed in the file 'mbh98datasummaryadd- 
delete.txt' mentioned above, were excluded either because they did not meet the 
criteria listed below, or because, as in the case of ARGE030 they were duplicated 
by more recent data meeting all criteria and sent to us directly by colleagues. In the 
case of ARGE030, the replacement series had been standardized more 
conservatively than ARGE030, and so better served these clearly stated purposes. 
The precise standards for our filtering of the ITRDB database were described in 
detail in the followup publication, 

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., 
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Gross, W. , Global Temperature Patterns in Past Centuries: An interactive 
presentation . Earth Interactions, 4-4, 1-29,2000. 

including the specific following discussion: 


As noted by MBH98 (and references therein) non-climatic influences related to intrinsic 
tree growth trends, difficulty in their removal, and the combining of different tree 
segments, make the lowest frequency (ie, century and longer timescale) variations 
potentially somewhat suspect in studies that rely heavily on dendroclimatic Indicators. 

In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria 
designed to minimize these problems. Starting with the full data bank available in 1997, 
they identified 1589 site chronologies, each representing a unique combination of 
species, variable (e.g. ring width or maximum latewood density) and location. Only the 
251 chronologies that met the following criteria were retained: 

• Reliable information on the methods used to remove biological trend was available; 

• The median length of the individual segments used to build the chronology was 
greater than 1 50 years; 

• The mean correlation of these individual segments with the site chronology was 
greater than 0.5; 

• The first year of the chronology was before AD 1626, and it contained at least 8 
segments by 1680; 

• The last year was after 1970, and there were still 8 segments after 1960. 

Of the 251 ITRDB chronologies that met these criteria. 229 were ring-width chronologies, 
and 22 maximum latewood density. 


This article is available online, 
http://www.ngdc.noaa.gov/paleo/ei/ 
with the specific discussion above here: 


http://www.ngdc.noaa.gov/paleo/ei/ei nodendro.html 


3. MBH98 states that "the dendroclimatic data used were carefully 
screened for conservative standardization and sizeable segment lengths. " We 
have the text of an email in which the term "wild guess" was used to describe 
the inclusion or exclusion of certain series. In this case, the deletion of 
various series is recommended, but this recommendation is not implemented 
in the work shown at the FTP site. 


At the time this work was done (1996, 1997) few tree-ring data meeting these 
criteria were available in the ITRDB for Siberia. However, as we were preparing 
the dataset, we obtained a 1996 book by three of Dr Hughes’ Russian colleagues. 
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containing listed mean tree-ring chronologies for 61 sites in northern Siberia. This 
was, until very recently the way Russian colleagues made their data publicly 
available. These are the “Vaganov” data mentioned above. Given Dr Hughes’ long- 
standing collaboration in field and laboratory with the authors of the Russian book, 
his detailed knowledge of their working methods, and his own direct experience of 
working with the same species, with these colleagues, in the same region, he 
recommended that we fill this major spatial gap by digitizing these data, and also 
made recommendations on which should be used.. The complainants quote 
Malcolm Hughes out of context from an email pre-dating our publication. Our 
procedure was in fact as objective and rigorous as possible. 


4, MBH have deleted portions of at least 3 series without explanation to 
the reader . In each case, the FTP site contains a parallel series with the 
correct data. The deletions include the first 70 years of the Central England 
historical temperature series, the first 25 years of the Central Europe 
historical series and the first 2 years of chin04. In the first 2 series, the issue 
is not merely that early decades were removed but that summer (JJA) data 
was substituted for annual data without notice to the reader. 

Each of these claims is false or disingenuous, and again they are distasteful. The 
claim that MBH98 unjustifiably eliminated the earlier part of the Central England 
temperature (GET) record is unfounded. The decision by MBH98 not to use this 
record prior to 1730 is in keeping with previous studies (e.g. Bradley and Jones, 

1 993) and is based on the existence of inhomogeneities that exist in the record prior 
to the 1730s (Manley, 1953;1974). Manley (1974), for example, describes a gap 
from 1 707 to 1 722 in daily data from the region of Central England he was seeking 
to cover, and used an adjusted version of data from the Netherlands to fill this gap. 
Since 1722 falls within the stepwise reconstructions for 1700-1980 and 1730-1980, 
1730-1980 is the first interval of our step-wise reconstruction that includes the 
indicator. 


The use of the summer mean version of these series was in keeping with the use of 
these series by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, 
is completely insensitive to the use (as in Bradley and Jones, 1993) of summer 
(rather than annual) mean CET and Central European temperature series. We have 
updated the references for these two series in the revised supplementary 
information to "Bradley and Jones, 1993" to avoid confusion, and have indicated 
that summer mean, rather than annual means, of the series were used by MBH98. 
We find it peculiar that the complainants would raise this particular complaint, 
when the interval over which their putative reconstruction differs from ours (the 
1 5th century) predates either of these two series in any case. 
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5. MBH have recently stated that the UVA FTP site is the repository of 

data actually used in MBH98. This site contains at least 10 series not used in 
MBH98, including an instrumental temperature series with decreasing 2(f^ 
century temperatures. 

Nowhere have we indicated that every single individual series in those directories 
were used in our analysis. The directories include the tree-ring data used to 
construct PC series of the various proxy networks, as well as the networks of the 
PC series themselves, and there are some proxy data that are not listed in the 
supplementary information, and were in fact never used. We do not see why this is 
a valid point of criticism. We must stress that we were never under any known 
requirement to post these data in the first place, and only did so as a service to our 
scientific colleagues. If Nature had asked for all of the proxy data used at the time 
we published our paper, we would have, of course, provided all those we were at 
liberty to pass on. 


6. Some series in the North American PC region occur in duplicate 
versions. There is no rational description of the reasons for inclusion or 
exclusion as individual proxies. 

This claim is incorrect with one exception. An analysis of the data file of all 415 
individual series used (available through the revised supplementary information) 
reveals two series that are indeed the same: the Jacoby et al Northern Treeline 
series #1 1 (as provided to the authors by Gordon Jacoby) and North American 
ITRDB series 'cana036.txf . The latter was only used by MBH98 after AD 1450, 
and elimination of the series from the North American ITRDB dataset used by ' 
MBH98 yields no detectable influence on the MBH98 reconstruction (Mann et al, 
manuscript in review). Two other series directly provided by David Stable (series 
'swmxdfewl l.dat' and 'swmxdfew01.dat’) are the same prior to AD 1488. The 
MBH98 reconstruction, again, is robust to the exclusion of either or both series 
from the data set (as shown elsewhere). 


Indeed, the MBH98 method is, by its very construction, robust with respect to 
whether a moderate amount of redundant information is used in the predictor 
network, so the criticisms here are irrelevant to the question of whether or not the 
complainants claimed 'correction’ of the MBH98 reconstruction is valid (which, as 
we have shown elsewhere, it most certainly is not). 


7. The SWM region used in MBH98 includes a site (Spruce Canyon CO), 
which IS not in the site roster of the original article and which is in the roster 
of the NOAMER region. This apparently small point has a significant impact 
on 15th century values. 
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The corrected list of proxy data has been provided with our revised supplementary 
information. Our reconstruction is in no way, despite the claim made by the 
complainants, sensitive to whether or not this particular tree-ring series is used (as 
shown elsewhere). Any sensitivity to whether these data are used in the analysis 
performed by McIntyre and McKitrick almost certainly arises from the fact that the 
authors have censored approximately 80% of the proxy data used by MBH98 prior 
to AD 1450 and 70% prior to AD 1500 in their analysis, yielding in principle much 
greater sensitivity to the small number of remaining data actually used by them 
over that time interval. 


8. Some data versions used in MBH98 were obsolete when the paper was 
published. Many more versions are now obsolete. The SI refers to WDCP as 
a reference for tree ring data, but this reference is inaccurate given the 
material differences between the version used in MBH98 and the version 
actually archived. Again, the differences can be material. There are other 
inaccuracies in the references ofMBH98:for example, the citation Bradley- 
Jones 1 992 does not contain several instrumental sites referred to in 
MBH98. 

This statement is absurd. We listed the specific data used by us (albeit with some 
typos, and incorrect references, as noted) in the supplementary information, and 
provided all of the data on our data site. We did not indicate there, or 
elsewhere, that all of the tree ring data used were available in the NOAA databank. 
The authors appear to be unaware of the fact that not all proxy data shared between 
fellow scientists are placed in the public data archives, nor are same versions of the 
proxy data always made available publicly. In general, there is no requirement for 
scientists to post their proxy data in these public archives, although they are 
encouraged to do so. 

In at least one instance that we have pointed out, the complainants have confused 
certain unrelated data from the NOAA website with data that were in fact never 
made available by the original authors to the NOAA website, but which were made 
available to us. The complainants, based on a thorough misunderstanding of how 
PC series of tree-ring data were calculated, and other mistakes, have replaced our 
network with a highly depleted version of the network, in which roughly 80% of 
the proxy indicators used by MBH98 prior to AD 1600 were eliminated by them in 
their supposed reproduction of our analysis. 

The Bradley and Jones (1992) chapter was used as the best available reference for 
long instrumental temperature and precipitation records. That doesn't mean that 
every single instrumental record used (and described in our supplementary 
information) was shown in the article. We have updated this reference with a 
description of the specific source of the long instrumental data series and means by 
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which they were gridded, in the revised supplementary information. 


9. The disclosure of methodology for calculating temperature principal 

components is inaccurate. MBH98 describe their methodology as 
"conventional”. Conventional principal components fail with missing data. 
The underlying data set contains much missing data and some other 
procedure was necessarily used. 

This represents the complainants’ fundamental mistake of using a different version 
of the CRU surface temperature data site from the one that we used. The pattern of 
missing data in the two datasets is different, owing to the use of different reference 
periods. Small gaps in the instrumental record we used (an older CRU surface 
temperature dataset which goes back to 1856) were filled by linear interpolation, as 
described in our revised supplementary information. 


1 0. The disclosure of methodology for calculating tree ring principal 

components is inaccurate. Again MBH98 methodology is not "conventional". 
In this case, the FTP site contains computer programs which show that the 
data was transformed in ways not disclosed in MBH98. These undisclosed 
transformations have a material impact on the final results. 

Each of these statements in incorrect. A conventional PCA was indeed used. The 
authors apparently failed to take note of the stepwise procedure used by us, and 
described in our paper. This procedure allows PC series to be calculated 
independently for each sub-interval (e.g. 1820-1980, then 1780-1980, ..., 1400- 
1980) to allow for the use of an increasing number of data in the different sub- 
networks increasingly later in time. The misunderstanding of this procedure led to 
them eliminating roughly 80% of the proxy indicators used by us prior to AD 1600, 
the primary reason for the spurious result that they have reported. Precise details 
regarding how the data were standardized are provided in the revised 
supplementary information. We have shown elsewhere that the MBH98 
reconstruction is in fact entirely robust with respect to whether or not the proxy 
series were standardized by the detrended or raw calibration period variance. 

Once again, all of the original proxy data used, and all of the PC series used, were 
available on the public ftp site from July 2002, though the complainants did not 
download and use the correct data. The new, revised ftp site provides the data and 
listings of data in a thoroughly documented manner such that similar mistakes 
should not be possible in the future. 
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APPENNDIX C 

DRAFT MBH CORRIGENDUM, MARCH 2004 
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APPENDIX D 

COMMENTS TO NATURE ON PROPOSED CORRIGENDUM 

From: Steve McIntyre 
Sent: March 17. 2004 12:08 AM 
To: Ashman, Dinah 

Subject: Fw: Nature corrigendum Mann02478 
Dear Dinah, 

I have attached the enclosed email as a word document, which may be easier to 
read. 

Regards, Steve McIntyre 

I apologize for the length of this email, but sometimes it’s hard to write short. Regardless 
of the disposition of the comments below, we appreciate the steps which Nature has 
already taken and the ongoing consideration. The following observations are sent to you 
on the basis that it’s easier to deal with all pertinent issues while the file is open. To 
expedite matters, I have taken the liberty of attaching a list of confirmations and 
clarifications which I believe to be required, which you may use as you see fit. 

Listing of Series 

1 . The original SI lists 61 Vaganov series as being used, but, in fact, only 60 series were 
used, with series 55 being excluded. This is not mentioned in the correction, but 
should be. This presumably has a different explanation than the exclusion of the 
ITRDB series. The SI does not identify the Vaganov series. 

2. The original SI identified 10 Stable SWM sites; the site for the two “unpublished” 
Stable SWM series is not identified in the Corrigendum. It needs to be identified, 
especially since Item 6 in the response letter by Prof Mann forwarded to me by Heike 
Langenburg on Feb. 27, 2004 (the Response Letter) states that there is substantial 
duplication of values in several SWM series, indicating the possibility of duplicated 
series. 

3. The Response Letter stated that one of the excluded series, “argeOSO”, was excluded 
because a more recent and more conservatively standardized replacement series was 
available “directly” from a colleague. In the South American network involved, it is 
the more recent series that have been excluded and the older series which have been 
used. We are unable to identify the “more recent” series used to replace this series. 

4. We strongly urge that you ensure that the SI attached to the correction of these 
discrepancies shows the application of the criteria listed in the asterisked explanation 
for the discrepancies. In particular, these are the criteria listed by Professor Mann in 
ref 5 or his previous response: 

(1 ) the availability of “reliable information” on the methods used to remove biological 
trend; 
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(2) the median length of the individual segments used to build the chronology, showing 
that this exceeds 150 years; 

(3) The mean correlation of these individual segments with the site chronology, showing 
that these exceed 0.5; 

(4) The first year of the chronology, showing that this was before AD 1 626, 

(5) The number of segments by 1680, showing at least 8; 

(6) The last year of the chronology, showing that this was after 1970; 

(7) The number of segments after 1 960, showing that this was at least 8 segments; 

(8) Whether the series was deleted because a replacement series was available 
“directly” from a colleague. If this criterion is used, full particulars on the replacement 
series should be provided including all of the information listed in 1-7 above, together 
with evidence showing that the replacement series was more “conservatively” 
detrended. 

We tested out these rules on Professor Mann’s data, and found numerous examples where 
they break down. For instance, site canal 53, a Jacoby treeline series, exhibited extremely 
low correlations (<0.045) between individual segments and the site chronology, violating 
criterion (3). We made an inquiry about the low correlations to the originating author, 
Professor Rosanne d’ Arrigo. She discovered thereupon that the wrong site chronology 
had been published and promptly notified WDCP to withdraw the series. It is hard to see 
how the above quality control rules could have been applied as claimed by Professor 
Mann, as this problem would surely have come to light sooner. Based on our 
investigation, regarding the MBH data archive, relative to the criteria set out above: 

• 39 series had not commenced by 1626; 

• 22 sites did not have 8 trees by 1680; 

• 171 sites had less than 0.5 mean correlation of the individual trees with the site 
chronology. 
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Additional minor corrections - comments 



807 


5. The original SI attributed the long instrumental series referred to in minor correction 
(2) to Bradley and Jones (1993). Without reference to the original citation, the nature 
of the correction is not clear. Also, the citation as it stands does not identify the 
NOAA Climate Data centre series used - is it GHCN vl, GHCN v2 or some other 
iteration. The MBH response letter states “We have updated this reference with a 
description of the specific source of the long instrumental data series and means by 
which they were gridded, in the revised supplementary information.” A little more 
detail in the line item in the Corrigendum would be helpful. 

6. The language in minor correction (3) is very unclear. The original SI states that the 
“earliest available” year for the Central Europe series is 1550, while the earliest 
available year in the cited publication is 1525. The first year actually used in MBH98 
is 1550 - which is at odds with the language of this item. I would suggest language 
like: “The start year for the Central Europe series of ref. 1 was 1550, applying the 
version used in ref. 2, while the start year for the Central Europe series in the 
reference cited in the original SI was 1525.” 

7. This has several errors in a very short space. The original SI listed earlywood widths 
and latewood widths (not maximum density). Ref 4, now provided as the supposedly 
correct citation for the SWM series, does not list any latewood width or maximum 
density series, but does list earlywood width and total width series. The sites listed in 
Ref 4. do not coincide with the sites listed in the original SI, with some of the sites 
listed in the original SI not listed in Ref 4 and some sites listed in Ref 4 not listed in 
the original SI. This needs to be dealt with properly. Finally, as discussed in prior 
correspondence, several series in this dataset have identical values in the early years. 
The sites for these series need to be clearly identified and any duplication corrected. 

8. Jacoby et al, use 1 1 northern treeline sites, not 12 as referred to here. 

Other unlisted data corrigenda 

9. Although (3) above discusses the correction for the “earliest available” start year for 
Central Europe, there is a similar issue for Central England, not referred to. The 
original SI stated that the “earliest available” year was 1730, while the e^liest ye^ in 
the citation was 1659. This should also be clarified along the lines of the language 
suggested above. 

10. There is a similar issue for the series chin004, in which the earliest year in the 
citation is 2 years earlier than the first year used in MBH98 and a similar clarification 
should be made. 

11. There are many geographical errors in the original SI in respect to the grid cell 
locations of the long instrumental series, especially in the precipitation series. The 
Paris France precipitation series is incorrectly located in a New England grid cell. 
These are known to Mann et al., are not listed in the errata, but should be identified 
and dealt with at this time. 

12. The geographical locations of the Central Greenland stack in the original SI is 
incorrect. 

13. The geographical locations of the “npatagonia” and “cpatagonia” series are reversed 
in the versions used at the FTP site. 

14. We believe that that there are errors in the listing of the total number of indicators 
stated in Nature to have been used on an interval-by-interval basis. For example, from 
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the FTP site information, it appears that 3 non-principal component series start in the 
AD 1450 interval; a Vaganov PCI is also stated in the SI to have commenced in this 
interval, making 4 in total, but the total number of indicators is shown as increasing 
only by 3. Also, MBH have stated that 159 series were used; we are unable to 
replicate this number with the number of indicators stated in Nature to have been used 
on an interval-by-interval basis. I suggest that you ask Prof Mann to check his 
calculations on the number of indicators used and to include any required corrections 
at this time. 

Methodological corrigenda 

In his prior response and in other recent comments, Prof Mann has referred to a number 
of corrections to the methodology description, which have not been listed in the 
corrigendum (and which would seem to require an explicit reference.) These include the 
following corrections to existing methodological descriptions: 

15. MBH’s response letter stated: “Small gaps in the instrumental record we used (an 
older CRU surface temperature dataset which goes back to 1856) were filled by linear 
interpolation, as described in our revised supplementary information.” This is actually 
a pretty material issue. The original methodological description in MBH98 stated that 
“conventional” principal components were used - which require no missing data. 
There is actually a lot of missing data in the CRU dataset. The gaps are not 
necessarily small. For example, in the current CRU version, 4 grid cells used in 
MBH98 are completely empty. While the versions are different and we do not 
presently have access to the CRU version in MBH98, we would be very surprised if 
there were only “small gaps” in these data cells in the older version and no data at all 
in the current version. Thus, MBH98 has to have some methodology to deal with 
large gaps. Since the original description was not fully accurate, we think that this 
deserves at least a line item in the corrigendum and hopefully comprehensive 
explanation in the revised SI, as indicated in the MBH response letter. 

16. MBH98 stated that for the temperature data “the mean was removed, and the series 
was normalized by its standard deviation”. Recently, Mann et al. stated that they 
used “de-trended gridpoint standard deviations” to normalize temperature data. 

Again, in view of the inaccurate prior description, a line item in the Corrigendum 
would appear to be warranted. 

17. Mann et al. recently stated that 159 series were used in MBH98 calculations. The 
figure of 159 series is not itself stated in Nature or the SI thereto, where a total of 1 12 
indicators is mentioned. This is an acutely important point, as the failure to identify 
the correct number of series means that, before now, researchers could not have 
replicated the MBH98 results. This surely merits a separate line item in the 
corrigendum. 

18. Related to 3 above, MBH changed rosters of tree rings in certain calculation intervals. 
The SI needs to show the exact number of principal components retained in each 
network in each period. There is no such information in MBH98. Despite careful 
study of MBH98 and specific requests to Prof. Mann, we were unable to discern this 
methodology within the MBH98 descriptions and strongly believe that it warrants a 
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line item in the Corrigendum. (Also Prof. Mann has made statements recently that the 
principal components were re-calculated for every index calculation interval - which, 
on the basis of the FTP site, was not the case. While these recent statements are not 
the responsibility of Nature, clarification is much needed on this matter.) 

19. Mann et al. state in their response letter that “Precise details regarding how the [tree 
ring data] data were standardized are provided in the revised supplementary 
information”. This acknowledges that such information was not provided in MBH98 
or the SI thereto. Since the “standardization” procedures carried out for the tree ring 
principal component calculations are far from conventional and were undisclosed, a 
separate line item is likewise indicated. 

Supplementary Information 

20. We originally requested the following information in connection with MBH98: 

(1) the identity of the 159 series now said to be used in MBH98 calculations; 

(2) identification of the PC proxy rosters (and sub-directory calls) on a period-by- 
period basis.; 

(3) residual series, together with programs used in the derivation of residuals and 
confidence intervals in MBH98; 

(4) programs used in MBH98 calculations; 

Items (1) and (2) were referred to above, but (3) is important for the full consideration of 
the stepwise methods of MBH98, especially for the AD 1400 interval. We believe that the 
following information should be included in the new SI; 

1 . the results of the application of the quality control criteria set out in ref 5, 
showing the compliance of the various series with each listed criterion; 

2. The standardization information used by the authors in 1997 to distinguish 
between retained and excluded series; 

3. The identity of the 1 59 series now said to be used in MBH98 calculations; 

4. identification of the number of principal component series used in each interval 
for each of the 6 tree ring networks; 

5. the results of each of the stepwise calculations - in particular, the ADI 400 step, 
including residuals; 

6. The original CRU dataset used in MBH98 - both for the entire grid and for the 
NH average in the verification period; 

7. the correct geographic locations of the various instrumental temperature and 
precipitation series; 

These are all required to carry out replication of the procedures in MBH98. Rather than 
continuing ongoing requests and disputes over the provision of this data, it makes far 
more sense to provide the data in the revised SI in a systematic basis. 
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We have also requested that the MBH98 programs be included in the SI. A reviewer of 
an article which we submitted on this topic to Nature stated that “there is a wide margin 
of uncertainty that could be resolved only by looking in detail into the whole data set and 
the whole software used by the authors.” In our revision, we plan to include all the 
software which we used in out reconstruction in order to facilitate this reconciliation. It 
would make a lot of sense for Mann et al. to do the same. 

Conclusion 

Under the circumstances, I suggest that you ask Prof Mann to warrant that, to the best of 
his knowledge, the corrigenda are complete. While we have exmined his data set 
diligently and have identified a number of discrepancies, the issuance of a correction, for 
an erratum known to the authors, should not be dependent on whether we have brought it 
to your attention. 

Again, we appreciate your consideration and apologise for the length of these comments, 
but we could see no obvious way of shortening them. For some of the methodological 
descriptions which we have referred to, we require them for our study of MBH98. 

I have taken the liberty of re-stating the above comments in the form of a draft letter to 
Professor Mann, which you may use or disregard as you see fit. 

List of Confirmations for Prof. Mann 

1 . Confirm whether 61 Vaganov series were used in your calculations as stated in the 
original SI. (We have been advised that series 55 was not used.) If not, please amend 
the list of (34) series and the asterisked explanation. 

2. Please include identification of the 61 Vaganov series. 

3. Please identify the “more recent” replacement series provided directly from a 
colleague used as a replacement series for arge030, as described in your Response 
Letter. 

4. Confirm that the asterisked explanation for exclusion of listed series is a complete 
explanation, including application to series arge030. 

5. Provide an identification of the location of the two unpublished Stahle/SWM series, 
which were used but not listed. In this connection, please confirm that the duplication 
of early values, acknowledged in Item 7 of your Response Letter, are not errata in the 
unpublished data. 

6. Please ensure that the SI attached to the correction of the listing discrepancies 
completely shows the application of the criteria listed in the asterisked explanation for 
the discrepancies, including, in particular, the following criteria listed in the Response 
Letter (as stated in ref 5) or his previous response: 

1 ) the availability of “reliable information” on the methods used to remove 
biological trend; 
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2) the median length of the individual segments used to build the 
chronology, showing that this exceeds 150 years; 

3) The mean correlation of these individual segments with the site 
chronology, showing that these exceed 0.5; 

4) The first year of the chronology, showing that this was before AD 1 626, 

5) The number of segments by 1680, showing at least 8; 

6) The last year of the chronology, showing that this was after 1970; 

7) The number of segments after 1960, showing that this was at least 8 
segments; 

8) Whether the series was deleted because a replacement series was 
available “directly” from a colleague. If this criterion is used, full 
particulars on the replacement series should be provided including all of 
the information listed in 1-7 above, together with evidence showing that 
the replacement series was more “conservatively” detrended. 

7. In the Corrigendum minor correction (2), please identify the exact NOAA data set 
used, together with the data set stated to have been used in the original citation. 

8. Please clarify Corrigendum minor correction (3) along the following lines: “The start 
year for the Central Europe series of ref. 1 was 1550 (not 1525 as stated in the 
Corrigendum), applying the version used in ref. 2, while the start year for the Central 
Europe series in the reference cited in the original SI was 1525.” 

9. Please provide a similar correction in respect to the Central England series and for the 
chin004 series, if applicable. 

10. Please confirm that SWM series used in MBH98 included maximum density and 
latewood width series, as stated in the Corrigendum, rather than earlywood width and 
latewood width series as stated in the original SI. If the SWM sites listed in the 
revised SI differ fi*om the sites listed in the original SI, then please include a comment 
to this effect in the Corrigendum. If this is not the case, please confirm that all the 
sites listed in the SI are listed in the amended citation (ref 4) and conversely, that all 
the series listed in ref 4 are included in the SI. We are advised that, notwithstanding 
the Corrigendum, ref 4 does not contain any references to maximum density or 
latewood widths. Would you please confirm that ref 4 does in fact report on 
maximum density and latewood widths, as stated in the Corrigendum. 

11. Would you please confirm that there are no geographical errors in the original listing 
of instrumental or other series. If there are any such errors, would you please ensure 
that there is a reference in the Corrigendum to these errata. 

12. Would you please confirm that the total number of indicators in the original article 
and SI on an interval-by-interval basis are correct. If not, would you please include an 
item in the Corrigendum. 

13. For methodological description items discussed in the revised SI, would you please 
confirm that none of the procedures described are inconsistent with the description in 
MBH98 and that MBH98 contained no material omissions in its methodological 
description. If there were any inaccuracies or material omissions in MBH98, would 
you please insert a line item in the Corrigendum for each such item. Without limiting 
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this question, we ask for specific confirmation below on several methodological 
issues brought to our attention. 

14. For temperature data, would you please confirm that in your calculations “the mean 
was removed, and the series was normalized by its standard deviation”. If the series 
was in fact normalized by its detrended standard deviation, would you please include 
an appropriate line item in the Corrigendum. 

15. For the calculation of temperature principal components, would you please define 
what is a “small gap” as mentioned in your Response Letter. Would you please 
confirm the comment in your Response Letter that only “small gaps” as so defined 
have been interpolated. We suggest a line item in the Corrigendum disclosing the 
interpolation procedure. 

16. Would you please advise us whether 159 series were used in MBH98 calculations. If 
this is the case, would you please include a line item in the Corrigendum referring to 
this and sufficient information in the SI that the 159 series can be completely 
identified. 

17. Would you please confirm that the revised methodological description in the new SI 
includes an explanation of how the number of principal component series retained in 
each network for each interval are determined. 

18. Would you please confirm that the new SI enables the determination of the 251 series 
mentioned in ref. 4 and also the 415 series referred to in question 6 of your Response 
Letter. 

19. Would you please confirm that the new SI describes the procedure used to 
standardize tree ring data. If this procedure is material, please include a reference in a 
line item pursuant to (12) above. 

20. Would you please confirm that, (a) to your knowledge, there are no remaining errata 
in data or data citations in MBH98 which have not been disclosed; (b) to your 
knowledge, the methodological description contained in the new SI is sufficient to 
enable replication of your results, using the data provided in the new SI or cited from 
public archives. 
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APPENDIX E 

REPLY FROM NATURE TO COMMENTS ON CORRIGENDUM 

From: Langenberg, Heike 
Sent: March 26, 2004 10:58 AM 
To: Stephen McIntyre 

Subject: RE: Nature corrigendum Mann02478 
Dear Dr McIntyre, 

Thanks for your further notes regarding your materials complaint, which my 
colleague Dinah Ashman has forwarded to me for assessment. 

In response to the points you raise, we have asked Dr Mann to include the time 
series Vaganov #55 In Table 1 of the Corrigendum. We feel that the additional 
issues mentioned under "Listing of the Series" are not directly relevant to the 
materials complaint. Instead you question the consistency of the methods used, 
which is not the subject of a Corrigendum. 

You also make a number of additional comments to the Corrigendum, but for 
reasons of space constraints, we Insist that such publications are as concise as 
possible. We feel that the current version, together with the Supplementary 
Information explicitly listing the data sets and methods used, clearly establishes 
which data were used in the paper. 

Thank you for offering to review the new Supplementary Information for us. 

We appreciate that you give us the option, but as you anticipate, we prefer to 
handle the matter differently. 
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I hope you find this satisfactory. We will continue the production process of the 
Corrigendum as soon as we have heard back from Dr Mann on the addition to 
Table 1, and will publish it as soon as possible. 

Yours sincerely, 

Heike Langenberg 
Senior Editor 
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corrigendum 


laobal-scale temperature 
patterns and climate forcing 
over the past six centuries 

Michael E. Mann, Raymond S. Bradley « Malcolm K< Niqpties 

Nature 392 , 779 -787 ( 1998 ). 

It has b«en drawn to our attention (S. McIntyre and R. McKitrids) 
that the listing of the ‘pro.\y’ data set in the Supplementary 
Information published with tht.s Article contained several eirors. 
In lable I we provide a ILsl of the records that were cither mistakenly 
included in the Supplementary- Information, or mistakenly left out. 
A sm:dl number of other corrections of the original listing include 
(see Table 1 ) correctioas of the citations originally provided, or 
corrections of the start years for certain .scrie.s. 

The tiill, corrected listing ol the data is supplied as Suppletnentary- 
Information to this corrigendum. Also provided as Supplementary 
Information are a documented archive of the complete data 
(instrumental and ‘proxy’ climate series) used in our original 


Tsa:*» 1 Effora in ‘pro»y data B>t luBna in rf. 1 

S«f«s ?34j ijitBd in oiigM Supptemerrtary htormaSon bu not used in ret. i 


ffiAN003; fTALOIS aid IT/VL01 m SPA02« and SPAJ047: NBATOSS; AftC3E030, 
ARC5a360«xS AFISEOES: CHL016, CML0J8, CHU517 and CHIOIC; AKDOe and 
AKOOfSX; CA070;CAhW053, CANAO53X,CANAO06, CtWOdSK. CANA099. GANAiOB 
and CANA1 10; WA019, WA025, VW027, WA033. WA939. WAOai, WAD7t. WA074. 
WAtae, WAOSBand WAD91 ; VAGAN0V55 


Sartes (2) ijsed O fs«, i bi.(t not »ted in ORQoai SigxHementary infotTmiion 


Ufg 3 t*lsr»d Southwsst US/MaxSooDwralty series ff>, W. Stahte, pereond 
cotTHTitirtcaeoni 

tJ(VJi*isned SauthvuBst USAife«co Latewood Widlb aeries SD. W. SidiSe, personal 
commintcaSon} 


Adrftiorwj minor correetjons 


{1 } TTie Centrd Bigiaod md Central European temperature reexxets used by rat, 1 were 
the summer season Hierscns of these smes as used by ref. 2, 

(2) The ‘tong insfiument^ sedas used o ref. 1 am station tamperatum and preciptation 
aaton data tram the NOAA CimatB Data centre godded at S' iattuda/latglucie 
msotutwn. 

! 3 } The stwtyearlortt» ‘Centra Eaaope' seriesofraf. TIsad 15 ^. 

(4) The -Western North America Owtdto densitV series used n ref . 1 ahouB prapert/ be 
atWbutedtoref, 3. 

{6) The Stable of af. SculhweaterrVMexico late wood wWth arxf maximum densily data 
i»ed in rrt, 1 should prr^ly be awbuied to ref. 4 (the formal reference was na 
avails at the time of ref. 1), or, in two cases, urputtlshed data (D. W. Stahte, 
persotral communicaUon). 

(6) For one of the ia 'Northam Treeine' tecortfe of Jacoby ef a/, used in ref . 1 (the 
St Arms «iver series), me values used for ao 1400-03 were equal to the value lc» the 
bmt avedable year (ad 1404). 


*Thaseaefiw,te!c<wh*tooorMlfarntt»totBrtu«io4iTieeR(t«Daia8«ni<{tr«OB».rnetaiibBiBat8 
uaad for acroaning ol the ITTffie data used in ref. l two rat. 5 ), except ofx>-namely, Utt to 1997, 
eltoet it cxxBd not baaacertsfnad by the autoers how toesa atifas had been standanfead by i?» 
ari0»vii (tontobutcifs. cr » wesifeiuyitfi that the senes nw ijesns^essbfwstanderctoert. rerrwwig 
muiSdocec^ to centory-scsste tuotuaSom. 


Study, and an expanded description of the methodological cletaUs 
of our original study. 

None of the.se enors affect our previously published results*. □ 

t. Mjob. M. K. Brfotlejf, It S. * ffogtin, M. K. Qol>»t.*e»le toapetuttre pattenw »Ki <Un»«e fonjng 
<w« tlw pact .Narwi- 394 7!<^-X7 ( i9t«|). 

2. toxdtcy.K S&}«»«».p.a'‘Uttto>»A(<’'wnni«rl*rntKr9UKv>h*tig«s;eh<»aMtt»>n<]»kv»u« 

u»f««n*.gli>b»lw»fjmi,gtier»U tJ>f UOotrw 3, ;i67-37fi (iMJJ. 

J. SrilfA K. R. r( fli tkTin<««»iK8»n .vuranwr* foim *rtS<N(; tetnpemunf tliaRpx: m« Aort mi tong 
iiinerciifov. Oira Ifyit, 7, liS...tty liWi;. 

♦. SuWe.O.Wwal l2»lxfoB*ni4<fcBA<Klw»ifcf«onjlre4tion<>fAeS<)Wji«rt(C>.tiltiti«!.»i(fl,/tm. 

MtlnnU- Xk. 79, 2137-21X2 

5. M«n. M. K It ai. GUilxit (etnpiniBre pau»nj fo !“« wWori* A« itittnttivr prewnoiion. AirtA 
fiiur 4.4, i ••■29 tamti). 


I 4 CConi|Hni« AG corrigendum on wwwJHtHexoin/BalHra 
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APPENDIX G 

RE-ITERATED COMPLAINT, AUGUST 2004 


Aug 10, 2004 
McIntyre to Ziemelis 

Dear Karl, 

We are disappointed that Nature has decided not to publish our submitted 
Communication, especially as the principal grounds appear to be the small word 
allotment in the Communications Arising section. We respectfully disagree with the 
conjecture that our work would be of interest to only a few specialists. The original Mann 
et al. paper has been widely applied and our previous commentary attracted considerable 
public interest. Be that as it may, the referees expressly encouraged us to continue our 
analysis of MBH98 and of multiproxy calculations generally and one of them expressly 
stated that our efforts should not be “hampered”. 

In this spirit we are writing to reiterate long-standing requests for data and results from 
MBH98, which we have already communicated on several occasions. You had stated that 
these requests would be resolved in the new SI, but unfortunately this is not the case. 
While you are undoubtedly weary of this correspondence, our original request for 
disclosure was reasonable and remains reasonable. It is only the unresponsiveness of the 
original authors that is placing a burden on you and your associates. Some of these items 
have been outstanding for 7 months. They were not attended to in the new SI and need to 
be dealt with promptly. 

In particular, we still seek: 

1 . the results of the 1 1 “experiments” referred to in MBH98, including: 

(a) the temperature principal components (69 series for all 1 1 steps); 

(b) the NH temperature reconstruction (11 series from the start of each 

calculation step to 1980); 

(c) the residuals (1 1 series from the start of each calculation step to 1980). 

2. a list of the 159 series said to have been used in MBH98. 

3. source code. 

Since their claims of skill in reconstructing past climates depend on these “experiments” 
and their estimation of confidence intervals is based on the residual series, it is 
unnecessary to explain why these data are of interest. Again, we have repeatedly 
requested this data. 

The new SI contains listings of the series used in the stepwise reconstruction. We 
collated the available series and were only able to identify 139 distinct series and we are 
concerned at the discrepancy. Since considerable emphasis has been placed by Mann et 
al. on the need to use 159 series, we re-iterate our request to see the actual list of these 
series - again a longstanding request. 
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The code is evidently at hand since it was used to generate the Supplementary 
Information for Mann’s recent response to our submission to Nature. It is surprising that, 
instead of simply providing this code, the new SI only provides a verbal description of it 
(AlgorithmDescription.txt) which still does not suffice to permit exact replication. We do 
not understand why Nature has acquiesced in this. 

In light of these continuing disclosure problems, as well as points raised in the exchange 
over our Communication, we are obliged to ask the following questions, which are either 
not clarified in the new SI or result from the new SI itself: 

4. Mann et al. stated (in several places) that they carried out fresh calculations of 
principal component series for each region and each calculation interval. But the 
SI shows principal component series are not freshly calculated in every region and 
every calculation interval. What, then, is the criterion for deciding when to carry 
out a fresh calculation of the PC series in a region and calculation interval? Also, 
the present description of this process in the new SI is inaccurate and needs to be 
corrected. 

5. In the Corrigendum, Mann et al. purport to explain the discrepancy between the 
listing of series in the original SI and the series actually used by reference to 
criteria stated in Mann et al (2000), which states that “clear a priori” criteria were 
used for proxy selection. But while the quality control rules ostensibly used for 
screening selected proxies are stated in the reference, the a priori criteria 
themselves were not stated in the reference or the new SI. What are the “clear a 
priori” criteria used for proxy selection in MBH98? 

6. Mann et al. state that they use an “objective criterion” to decide how many 
principal component series to retain for each region and each calculation step. In 
the SI, they refer to consideration of both Preisendorfer’s Rule N and to a Scree 
Test but do not state their “objective” criterion. Preisendorfer’s Rule N describes 
simulations from white noise series. The Supplementary Information to Mann et 
al.’s second reply describes a simulation process based on red noise modeled with 
lag-one autocorrelation - a quite different procedure. Can you obtain a provide an 
exact and replicable description of the procedure used to decide the retention of 
principal component series? 

7. In the Corrigendum, the use of an 1 1th site in the SWM group is admitted, but the 
source of the 1 1th site is stated only as Stable, pers. comm., and no location is 
given. This is unsatisfactory, especially since two sites (yielding 4 series) have 
identical values for the first 120-125 years and it appears probable that the Stable, 
pers. comm, data is simply a different edition of one of the other sites. Can you 
please obtain an identification of the location of the Stable pers. comm, site? 

8. The Corrigendum acknowledges that the citation for instrumental series attributed 
to Jones and Bradley (1992) was incorrect and stated that the series came from 
NOAA. There is no additional information in the SI. This new citation does not 
meet any data citation criteria since NOAA has thousands, if not hundreds of 
thousands, of different series. Can you please obtain an exact data citation? 
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9. Can you please obtain a listing of the 219 gridcells said to have been used in the 
verification process? We are unable to locate 219 gridcells with continuous data 
from 1854-1901 in the newly provided temperature data. 

Again, we acknowledge that these requests can appear tiresome. But from our 
perspective, we are only seeking to obtain disclosure of MBH98 data and methods under 
Nature’s stated policies- in particular that readers should be able to identify the data used 
and computational procedures applied. We have recently received requests for assistance 
from other parties, who have developed an interest in replicating the results of MBH98 
and have advised them of what we perceive as the principal outstanding issues in 
obtaining disclosure from Mann et al. 

In light of both Nature’s policies, the comments from referees and your own prior 
commitments, we do not anticipate that there will be any problem in promptly requesting 
and obtaining the listed information, especially since some matters have been 
outstanding for so long. It would be helpful if you were able to provide us with an 
anticipated schedule so that we have a bring- forward date and do not have to trouble you 
with repeated requests on this matter. 


Regards, 

Steve McIntyre and Ross McKitrick 
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APPENDIX H 

REPLY BY NATURE TO AUGUST 2004 COMPLAINT 


Sept. 7, 2004 
Ziemelis to McIntyre 

Dear Steve, 

My apologies once again for the length of time that it has taken us to get back to you. In 
contrast to your own views on the matter, your request for information is not one that we 
felt could be dealt with in a straightforward fashion, as it goes substantially beyond what 
we would normally expect authors to provide. In other words, it would involve more than 
simply insisting on compliance with our editorial policies, and as such we needed to 
consider your request very carefully before deciding how best to proceed - and for the 
reasons that I explained in my previous email, we were not able to do this immediately. 
And I am sorry to have to say that the upshot of these deliberations is that we feel that we 
have now done all that can be reasonably expected of us, when it comes to facilitating 
your interactions with Professor Mann. I will endeavour to explain in a bit more detail 
why we consider this to be so. 

With reference to your three main points, I will deal with them in reverse order. 

On the issue of source codes, we do not take the view that these are something that in 
general should automatically be provided on request - the decision of whether or not to 
do so normally rests with the authors of such codes. What we do consider to be a 
reasonable requirement is that the authors provide a detailed description of the procedures 
used, and this is indeed what Professor Mann has supplied in the corrected 
Supplementary Information (at our instigation, following your original communication 
with us). 

Regarding the question of whether or not 159 series were used in MBH98, this we feel is 
an issue quite separate from the material that we have published and over which we are in 
a position to demand a response. Professor Mann has given us the clear understanding 
that the corrected Supplementary Information now lists *all* of the series used in the 
paper, and this list is consistent with statements in the original publication (MBH98). The 
fact that he has separately emphasised to you the need for a number of series greater than 
those listed in the Supplementary Information is, we feel, something that you should 
continue to pursue directly with him (along with your other requests for clarification). 

And with regard to the additional experimental results that you request, our view is that 
this too goes beyond an obligation on the part of the authors, given that the full listing of 
the source data and documentation of the procedures used to generate the final findings 
are provided in the corrected Supplementary Information. (This is the most that we would 
normally require of any author.) 

I do not want to give you the impression that we are dismissing your concerns out of 
hand. From the outset, our main concern has been to rectify the potential errors in the 
original MBH98 publication and to provide the data and materials used on our permanent 
website - the root causes of your initial frustrations. Indeed, I hope that you are at least in 
part reassured by the efforts that we (and Professor Mann) went to to rectify these 
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problems in the form of the Corrigendum and the extended Supplementary Information. 
But having now rectified these problems, we feel that our role in the matter has 
concluded. 

Of course, I realise that you will not be happy with this response. But once again, we feel 
that we have now taken our usual editorial procedures to a satisfactory conclusion. And 
let me assure you that we are fully appreciative of your input, which has undoubtedly 
enhanced the usefulness of the original paper for all readers. 

Finally, we do hope once again that your ongoing interactions with Professor Mann reach 
a satisfactory outcome for all the parties involved. 

Best regards, 

Karl 
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APPENDIX I 

REQUEST TO CICERONE FOR DATA ASSISTANCE, AUG 2006 

August 12, 2006 

Dr Ralph Cicerone, 

President 

National Academy of Science 
Washington DC 

Dear Dr Cicerone, 

I enjoyed the opportunity to chat with you during the most recent hearings of the 
House Energy and Commerce Committee. As I have previously written to you, I 
view the contributions of the National Academy of Sciences panel to paleoclimate 
debate as being very helpful, although I obviously do not agree with all aspect of 
the report. 

One of the ongoing problems In paleoclimate Is the failure of authors to properly 
archive data and methods. While Mann has deservedly attracted much publicity 
in this respect, the problem is much more pervasive, as recognized by the NAS 
Panel on Surface Temperature Reconstructions and by the Wegman report. The 
NAS panel once again stated the necessity for a clear and public description and 
archiving of data and methods, but Inconsistently cited and relied on many 
studies, which have either not archived data and methods or done so in such an 
inadequate way that replication is impossible. 

In many cases, I have corresponded both with the authors and the journals in an 
effort to obtain such data without success. In some cases, the correspondence 
has gone on for nearly three years without resolution. In several cases, the NAS 
Panel relied on such studies, even hearing personal presentations, but did not 
take the opportunity to request the authors to archive their data. 
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However, now that the NAS has relied on these studies, it is of paramount 
importance that these studies are closely examined to determine if their 
conclusions are robust, or have limitations such as the NAS panel described for 
Mann’s work. 

I believe that a letter to authors who have refused to archive data and methods in 
a complete manner, coming from you in your capacity as President of the 
National Academies, which has just published a study relying on their reports, 
might be effective In achieving the mutually desired goal of inspiring the authors 
to archive their data and methods. In Lonnie Thompson’s case, since some of 
the results have recently been published in the Proceedings of the NAS, the 
request could also be made via the journal. 

In an Appendix to this letter, I have set out missing and pertinent data for six 
authors. Considering all of the above, I request that you promptly write to each of 
the authors asking that they promptly archive the data at the World Data Center 
for Paleoclimatology or other archive acceptable to the NAS. Thank you for your 
consideration. 

Yours truly, 

Stephen McIntyre 

cc: Dr. Gerald North 


APPENDIX TO CICERONE LETTER 
1 . Lonnie Thompson 

For most sites for which anything has been archived, Thompson has only 
archived decadal 6018 data for a portion of the core. Ice cores contain much 
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additional information. For all ice cores and pits from Dunde, Guliya, Dasuopu, 
Puruogangri, Queiccaya, Huascaran and Sajama, please request: 

a) isotope and chemistry information by sample; 

b) a detailed description of methods used to date ice cores; 

For Queiccaya, 

c) a list of all organic samples given identification numbers, together with 
radiocarbon dates for those samples that have been dated. 

2. Rosanne D'Arrigo 

Rosanne D’Arrigo presented to the NAS panel in March and D’Arrigo et al 2006 
was relied upon by the NAS panel. The underlying data consists of measurement 
data and site “chronologies”. Please request: 

a) Site chronologies for all sites used in D’Arrigo et al 2006; 

b) If some of the measurement data used in D’Arrigo et al 2006 has been 
archived at WDCP, exact data citations linking the regional groups in 
D’Arrigo et al 2006 to any archived measurement data. 

c) For the sites in D’Arrigo et al 2006 where the measurement data is 
unarchived, the measurement data. 

d) Any presently undocumented protocols used In D’Arrigo et al 2006 to 
make RCS chronologies from the measurement data; 

e) a location map for the 1982 sampling location for the Gaspe site and 
for the 1992 update of the Gaspe site; 

f) measurement data for the 26 sites collected for Jacoby and D’Arrigo 
1989, but not included in their composite. 


3. Gabrielle Hegerl 
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Gabrielle Hegerl presented to the NAS panel and Hegerl et al 2006 was relied 
upon by the NAS panel. Please request; 

a) Identification of the sites used in this study. 

b) If the data versions used in Hegerl et al 2006 are currently archived, exact 
data citations complying with AGU data citation policies i.e. a data citation 
to a digital file not to a generic print publication. 

c) If unarchived data versions are used in Hegerl et al 2006, the digital 
versions as used, together with provenance. 

d) detailed methodological description, including the step in which confidence 
Intervals in Hegerl et al 2006 (Nature) are calculated.. In this case, source 
code would be desirable as descriptions to date cannot be followed. 

4. Jan Esper or Edward Cook 

The NAS panel relied on Esper et al 2002. After prolonged correspondence with 
Science and their eventual intervention, most, but not all, of Esper’s data has 
been obtained. However, some is still missing. Science has been unsuccessful in 
clarifying the methodology. Once the NAS panel disbanded, Science ceased to 
be responsive on this file. Please request: 

a) the Tarvagatny Pass chronology version and measurement data 
version as used in Esper et al 2002; 

b) Confirmation by Esper that the measurement data archived in May 
2006 by Lisa Graumlich is the same data as used in Esper et al 2002, 
or preferably, the measurement data for the two foxtail sites as used in 
Esper et al 2002 

c) the criteria used by Esper to distinguish between linear and nonlinear 
sites; 

d) the criteria used by Esper to decide on which cores to remove from a 
site data set. 
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e) detailed methodological information (preferably source code) which is 
sufficient to produce both the chronologies as used by Esper and their 
final result. 

5. Tim Osborn or Keith Briffa 

The NAS panel cited Osborn and Briffa 2006, featuring their data set in a major 
graphic. In this case, Science has been relatively cooperative, but again have 
been unable or unwilling to obtain a complete data archive or methodological 
description. Please request: 

a) measurement data for the Tornetrask, Taimyr, Yamal and Jasper sites, 
which were relied on for chronologies used in Osborn and Briffa 2006. 
(The same data also was used in Hegerl et a 2006; D’Arrigo et al 2006, 
both also cited by the NAS Panel.) 

b) an explanation why the Yamal data set was substituted for the updated 
Polar Urals data; 

c) stations used In CRUTEM2 and HadCRU2 respectively for the gridcell 
37.5N, 117.5W; 

d) methodology used in HadCRU2 which resulted in supposedly “spurious” 
temperature values for 1870-1887 for the gridcell 37.5N, 1 17.5W; 

6. Michael Mann 

Mann was a coauthor of several studies cited by the NAS Panel, including Mann 
et al 1998, 1999, Mann and Jones 2003 and Rutherford et al 2005. Please 
request: 

a) Identification of the 387 MXD series used In Rutherford et al 2005 (and 
previously in Briffa et al 2001 and other studies), including for each series 
the WDCP(ITRDB) identification where available, and, where unarchived, 
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the digital versions of the unarchived series together with underlying 
measurement data. 

b) The weights for each record in Mann and Jones 2003 and the method 
used to determine weights for each of the records. 

c) A statistical reference for the method used to calculate confidence 
intervals in MBH99, together with source code for this step; 

d) A description of methodology used in MBH98 to calculate the number of 
principal components retained in each tree ring network step, sufficient to 
yield the retention of two PCs for the Vaganov AD 1 600 network and 9 PCs 
for the Stahle/SWM AD1700 network. Source code would be desirable. 

e) Source code sufficient to demonstrate the retention of tree ring sites 
according to the criteria set out in MBH Corrigendum of 2004. 
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APPENDIX J 

REPLY BY RALPH CICERONE, SEPT 2006 

NATIONAL ACADEMY OF SCIENCES 


Of^e of the President 


September 13, 2006 


Mr. Stephen McIntyre 
25 Playter Bivd 
Toronto 

ONTM4K 2WJ 
Canada 

Dear Mr. McIntyre: 

Thank yon for your August 12, 2006 letter and your continued interest in the 
National Rcvscarch Council (NRC) report Surface Temperature Reconstructions for the 
iMSt 2,000 Years, The committee that authored this report has provided a careful 
asse.ssment of this field of study and advanced the dialogue on how surface tetnperature 
reconstructions contribute to our overall knowledge of global climate change. 

I do intend to highlight the importance of data availability when we disseminate 
the published version of the report this fall. The report will be sent to all of those who 
participated in the study process, including reviewers, invited speakers at the first 
committee meeting, and those who submitted comments to the committee. I will include 
a fetter with these reports that highlights the committ^'s findings about data acces,s and 
encourages all relevant parties to ensure that peer-reviewed papcrt? include a clear 
description of analytical methods and that the data used to support published research are 
archived in an appropriate repository and available to interested parties. 

As you know, part of the committee’s charge was to comment on relevant data 
access issues. The committee concluded that archiving data and making it accessible is 
critical for scientific progress, as stated on page 23 of the pre-publication version of the 
report: 


'The collection, compilation, and calibration of paleoclimatic data 
represent a substantial investment of time and resources, often by large 
learns of reseamhens. The committee recognizes that access to research 
data is a complicated, discipline-dependent issue, and that access to 
computer models and methods is especially challenging because 
intellectual property rights must be considered. Our view is that all 
research benefits from full and open access to published datasets and that a 
clear explanation of analytical methods is mandatory. Peers should have 
access to the infomiation needed to reproduce published results, so that 
increased confidence in the outcome of the study can be generated inside 
and outside the scientific community. Other committees and organizations 
have produced an extensive body of literature on the importance of open 


500 Fifth Street, NW Washington, DC 20001 
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access to scientific data and on the related guidelines for data archiving 
and data access (e.g., NRC 1995). Pakoclimate research would benefit if 
individual researchers, professional societies, journal editors, and funding 
agencies continued to improve their efforts to ensure that these existing 
open access practices are followed.” 

The issue of access to scientific data is of ongoing interest to the National 
Academies, which includes the National Academy of Sciences, National Academy of 
Engineering, Institute of Medicine, and the National Research Council A number of 
previous NRC reports have addressed data access issues across a variety of disciplines. 
In the past five years alone the National Academies have published the following reports 
on this topic: Expanding Access to Research Data: Reconciling Risks and Opportunities 
(2005), Open Access and the Public Ootnain in Digital Data and Informaiion for 
Science: Proceedings of an International Symposium {2004), The Rale of Scientific and 
Technical Data and Information in the Public Dotnain: Proceedings of a Symposium 
(2003), and Accca’.? to Research Data in the 2 1 si Century: An Ongoing Dialogue Among 
Interested Parties (2002). 

As the STR committee stated, data access is now the responsibility of individual 
researchers, professional societies, journal editors, and funding agencies and practices 
vary across disciplines. The NRC does not have authority over all of these entities, so I 
cannot command compliance to requests such as yours. As I mentioned in my testimony 
before the Subcommittee on Oversight and Investigations of the House Committee on 
Energy and Commerce this past July, we are currently preparing to launch a 
comprehensive study that will address data access and data integrity issues across a broad 
range of academic disciplines. 


Sincerely, 




Ralph J, Cicerone - 

President, National Academy of Sciences 
Chair, National Research Council 
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Response for the Record of Dr. Edward J. Wegman, Director, Center for 
Computational Statistics 

Response of Dr. Edward Wegman to Questions Posed by 
the Honorable Mr. Bart Stupak in Connection with Testimony to 
the Subcommittee on Oversight and Investigations 

Preamble: In order to set the context for my responses, I would like to make a 
few observations. I have been a professional statistician for some 38 years. I have 
served as editor of the Journal of the American Statistical Association and served 
as coordinating editor, associate editor, member of the editorial board and a 
number of other editorial roles for many journals during this time period. I am 
currently on the Board of Directors of the American Statistical Association as the 
publications representative and will become the Chair of their Publications 
Committee as of 1 January, 2007. I am thoroughly familiar with the benefits as 
well as the drawbacks associated with peer review. I recognize that scientists are 
also human beings and share the desire for acceptance and adulation that we all 
desire. 

In addition to these editorial roles, I have served as senior executive at the Office 
of Naval Research where I was a program manager for the mathematical and 
computer sciences. In this role, I not only evaluated proposals for research 
funding, but I also had very significant interdisciplinary interactions with many 
other discipline areas including oceanography and meteorology. Indeed, I was the 
initial funding agent for the first two conferences on statistical climatology held 
respectively in Hachioji, Japan in 1979 and Sintra, Portugal in 1983. The history 
page on this meeting series, http://cccma.seos.uvic.ca/imsc/historv.shtml . can 
verify that I was on the scientific program committee for the Portuguese meeting. 
Although some individuals, including individuals writing editorials in the popular 
press, have attempted to portray me as uninformed and naive on such matters, I 
am not. For example, I have known about mixing of gases in the atmosphere since 
my high school days^ But I was asked to testify as a statistician as to the 
correctness of the Mann-Bradley-Hughes (MBH) methodology and not to offer 
my beliefs and opinions on anthropogenic global warming (AGW). For this 
reason, during my oral testimony, I refused to become drawn into the debate 
about AGW. 

1. You stated in your testimony that the social networking analysis that you did 
concerning Dr. Mann and his co-authors represented a “hypothesis” about 
the relationships of paleoclimatologists. You said that the “tight relationship” 
among the authors could lead one to “suspect that the peer review process 
does not fully vet papers before they are published.” Please describe what 
steps you took that proved or disproved this hypothesis. 


‘The honorable Mr. Waxman addressed a question to Dr. Mann concerning an offhand remark I made about 
carbon dioxide being heavier than air. My remark was in response to graphic displayed in the first hearing 
by the honorable Mr. Inslee showing infrared radiation being reflected by the greenhouse gasses in the 
upper atmosphere. My response was not intended as a serious piece of testimony nor intended to represent 
my state of Imowledge of atmospheric mixing. 
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Ans: Social network analysis is a powerful tool with a more than 50-year history 
of making obvious potentially hidden social relationships. In the case of our 
analysis, we took a social relationship to be a co-author relationship. This type of 
relationship does not imply friendship or any other social relationship. Our social 
network analysis identified the fact that there are several intensively coupled 
groups within the paleoclimate community. A group of individuals that are 
completely connected (a technical term in graph theory) meaning that every 
individual has one or more co-author relationships with every other member of 
the group is called a clique in mathematical graph theory. This is a technical term 
and is not to be interpreted in the usual English language meaning of a clique. 
There are a number of cliques in the paleoclimate community, most of which Dr. 
Mann belongs to. Obviously because peer review is typically anonymous, we 
cannot prove or disprove the fact that there are reviewers in one clique that are 
reviewing other members of the same clique. However, the subcommittee did 
miss the opportunity to ask that question during the testimony, a question I surely 
would have asked if I were in a position to ask questions. Within my own 
discipline, it is the case that highly regarded individuals are reviewed with 
somewhat less scrutiny than lesser known figures. I would like to close this 
response by noting that I was asked in the pre-hearing phase if such a social 
network analysis had ever been done for anyone else. This was a good question. I 
have since undertaken to have a student of mine do a similar social network 
analysis of my co-author relationships. 

I have some 101 co-authors with approximately 200 total publications. 
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Dr. Wegman’s co-author matrix showing very few completely connected ‘cliques.’ 



Dr. Mann’s co-author matrix showing strong ‘clique’ behavior, 
i.e. many groups of closely connected co-authors. 

My co-author network matrix is shown together with that of Dr. Mann. There is a 
clear difference in the way we relate to our co-authors. In my case most of my co- 
authors are younger than me and my role has been as a mentor-scholar, which is 
reflected by the social network. In Dr. Mann’s case, there is exhibited a strong 
tendency to work with different cliques of closely connected co-authors. This is 
what one might think of as an entrepreneurial network. The difference is striking. 
The co-author network of Dr. Mann was developed by my student John T. Rigsby 
and is the same one as in our report. My co-author network was developed by my 
student Walid Sharabati. The complete report on my social network of co-authors 
by Mr. Sharabati is contained in Appendix A. 

2. How did you demonstrate that in a small discipline, such as paleoclimatology, 
the peer review process “is likely to have turned up very sympathetic 
referees”? 

Ans: It is precisely in a small specialized discipline that the likelihood of turning 
up sympathetic referees is highest. Within a small, focused discipline, there 
simply are fewer referees available. Also, there is always the possibility of the 
discipline becoming extinct or irrelevant. The referees have a vested interest in 
seeing that research is published, especially if there is a strong consensus. It has 
been my experience both in journals as well as with the awarding of grants that 
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staying close to the consensus opinion is most likely to result in funding or 
publications because the reviewers like to see work that is similar to their own and 
work that reinforces their position. Peer review, while often taken to be a gold 
standard, is in fact very conservative and radical new ideas are much less likely to 
be funded or published. Again, because peer review is typically anonymous, I 
cannot “prove” that there are sympathetic reviewers, but I maintain that my 38 
years of experience in scientific publication gives me exceptionally strong 
intuition and insight into the behaviors of authors and reviewers. 

3. Is it your position that every published scientific article that is subsequently 
determined to have an error in methodology or statistics, such as in the case 
of Dr. Mann and Dr. Christy, is a result of a failure of the peer review 
process? 

Ans: Science is a human endeavor and there will always be errors. The peer 
review process is an attempt to keep errors to a minimum and uphold the integrity 
of the scientific literature. Yes, I believe when an error escapes the notice of the 
peer reviewers, it is a failure of the process. Indeed, the process is prone to failure 
with the increasing number of outlets for research as well as the limited supply of 
editors and reviewers. Ultimately, however, it is the responsibility of the authors 
to acknowledge and correct errors in a timely fashion rather than to argue that an 
error doesn’t make any difference because the answer is correct. 

4. In its recently published report entitled “Network Science,” the National 
Research Council stated that “there was a huge gap between what we need to 
know about networks to ensure the smooth working of society and the 
primitive state of our fundamental knowledge.” The Army commissioned the 
study to determine if it should fund a “new field of investigation” called 
network science. Do you disagree with the conclusions of the Council? 

Ans; I do agree with the National Research Council report. Indeed, it was I who 
brought this report to the attention of the Subcommittee. But let me be clear. The 
NRC report focuses on networks in a very broad sense, not only social networks 
such as we used, but also networks of neurons in our brains, communication 
networks, computer networks and the like. The command and control network, 
especially in connection with multi-national forces is of crucial importance to the 
military as is the understanding of political, religious, and terrorist networks in 
pacification efforts. The synthesis and abstraction of the common elements of 
these networks is the goal of network science. The blending of the intuitive 
aspects of networks with the mathematics of graph theory and statistical 
methodology is the goal of network science. This in no way discounts the value of 
what has been learned by computationally-oriented social scientists in the 
development of social networks over the last 30 years. Indeed, the NSA uses 
social network analysis intensively to exploit signal intelligence in the form of 
developing views of terrorist networks. Similarly, the analysis of the Enron email 
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traffic using social network analysis uncovered unanticipated figures in that 
scandal. 

5. You testified that “there is no evidence that Dr. Mann or any of the other 
authors in the paleoclimate studies had significant interaction with 
mainstream statisticians.” With respect to this statement please answer the 
following questions; 

a. Is this based solely or primarily on the social network analysis 
described in your report? If it is based on something other that the 
social network analysis, please describe the basis for this statement. 

Ans: No, my observation was not based on the social network analysis to 
any significant degree. We examined the list of references in the 
paleoclimate papers that we considered to find any evidence that these 
papers were using contemporary statistical tools, that they were citing the 
current statistics literature, and that they had basic knowledge of the 
statistics literature. We examined resumes of the most frequently 
published authors to understand where and with whom they obtained their 
statistical training. We examined the composition of the Probability and 
Statistics Committee^ of the American Meteorological Society searching 
for “mainstream statisticians.” We examined the scientific programs for 
the AMS’s Conferences on Probability and Statistics in the Atmospheric 
Sciences^ for “mainstream statisticians.” In every case, while there are a 
few examples of cooperation, they are the exception. The atmospheric 
science community, while heavily using statistical methods, is remarkably 
disconnected from the mainstream community of statisticians in a way, for 
example, that is not true of the medical and pharmaceutical communities. 

b. Please explain what you mean by “significant interaction.” Does this 
mean more than coauthoring papers? 

Ans; Yes, we mean much more than co-authoring papers. We mean the 
early engagement of statisticians in designing experiments, in developing 
new statistical methods appropriate for exploiting the data"^, of careful use 
of probabilistic inference such as confidence limits, and, of course, in the 


^ As I testified earlier, the Probability and Statistics Committee of the American Meteorological Society 
contained nine members, only two of which belonged to the American Statistical Association one of those 
being a recent graduate with an assistant professor appointment in a medical school. 

^ At the time of the January, 2006 conference, the 18* Conference on Probability and Statistics in the 
Atmospheric Sciences, eight of 62 presenters are members of the American Statistical Association and only 
two hold Ph.D.’s in statistics. Three were graduate students respectively majoring in systems engineering, 
atmospheric sciences, and statistics. One was a Ph.D. in applied mathematics and two were of unknown 
background. 

^ For example, most statisticians would not believe that a principal component-like analysis such as CFR 
was the correct way to analyze the proxy data. It is the case of having a tool and applying it whether or not 
it is the appropriate tool. Statisticians are constantly inventing new methods appropriate to new datasets. 
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final data analysis. Statisticians, like computer scientists and 
mathematicians, have the experience of applicability to many fields and, 
hence, can bring to the table interdisciplinary experiences that many 
disciplines cannot. 

c. Was this statement based simply on a review of the coauthors of Dr. 
Mann’s paleoclimate articles and the fact that none of the coauthors 
were members of the American Statistical Association? If not please 
describe the evidence you used to determine the interactions between 
paieoclimatologists and ‘‘mainstream” statisticians. 

Ans: First see our answer to 5. a above. The fact that a co-author is not a 
member of the American Statistical Association is irrelevant to the 
cooperation with mainstream statisticians. I am a member of the American 
Meteorological Society and the American Geophysical Union. This does 
not make me a mainstream atmospheric scientist or a mainstream 
geophysicist. It is an indication that I am perhaps a little less naive in these 
areas than many statisticians. Similarly, membership in the American 
Statistical Association is an indicator of interest in statistics, but does not 
confirm one as a mainstream statistician. As evidence of interactions or 
lack thereof, we offer the fact that the methodologies used in paleoclimate 
studies are routine application of existing ideas and that many fundamental 
statistical issues are overlooked such as issues of randomization of tree 
samples to assure valid statistical sampling, which, in turn, allows correct 
inferences on confidence bands. 

d. Please provide your definition of “mainstream statistician.” Must a 
statistician belong to the American Statistical Association to be a 
“mainstream statistician” as you define the term? 

Ans: Although there will be exceptions to the guidelines I am proposing 
here, in my view, a mainstream statistician will have graduated with a 
doctorate in statistics, will be actively doing research in statistical 
methodology or actively applying statistical methodology to a related 
discipline area, and will professionally identify with the statistics 
profession. There are other statistical societies besides the American 
Statistical Association such as the Institute of Mathematical Statistics, the 
(British) Royal Statistical Society, and the International Statistical 
Institute. Affiliation with one or more of these is normally characteristic of 
a mainstream statistician. On the other hand, many members of these 
societies are “interested parties” who are not mainstream statisticians. 
Also, many members are master’s level practitioners who are not 
contributing to the knowledge base of statistics and who I would not 
include as mainstream statisticians. Dr. Douglas Nychka at NCAR, 
Professor Peter Bloomfield at North Carolina State University, and 
Professor Grace Wahba at the University of Wisconsin, Madison are in my 
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view mainstream statisticians with a demonstrated interest and 
collaboration in the atmospheric sciences. 

e. Please list all the authors in paleoclimate studies with whom you or 
your coauthors spoke regarding the paleoclimatologists’ training in 
statistics and their consultations with statisticians (including 
statisticians who are not members of the American Statistical 
Association). For each author listed, please summarize the 
information he or she provided about statistics or statisticians and the 
paleoclimatology research committee. 

Ans: I spoke with no one in paleoclimate studies. To the best of my 
knowledge neither have my colleagues. My home university, George 
Mason University, does have a Ph.D. program in climate dynamics. There 
are no requirements to take any statistics courses even though their 
principal interest is in climate modeling. According to the website of the 
Department of Meteorology at Pennsylvania State University (Michael 
Mann’s institution), there is no requirement to take a statistics course for 
the Ph.D. in meteorology (except possibly internal courses taught by 
meteorology faculty). The Department of Environmental Sciences at the 
University of Virginia (Dr. Mann’s previous institution) also does not 
explicitly specify any statistics courses. The graduate meteorology 
program at Iowa State University (with one of the strongest statistics 
departments in the nation) has no statistics requirements except a 
ffeshman-level statistics introductory course as a prerequisite to one of 
their graduate-level courses. The Department of Geology and Geophysics 
at Yale University where Dr. Mann obtained his Ph.D. also specifies no 
statistics courses. Indeed, they specify no courses at all except with the 
concurrence of an advisor^. 

6. You testified that other scientists or statisticians reviewed your report before 
it was sent to the Committee on Energy and Commerce, but it was unclear 
whether you provided a complete list. Please list the people who reviewed 
your report before it was sent to Committee, including name, title, area of 
expertise, and university or other affiliation. 

• Professor (emeritus) Enders Robinson, geophysics, Columbia 
University, elected member of the National Academy of 
Engineering 


^ Indeed, we observe in the acknowledgement section of Dr. Mann’s dissertation that he credits 
Professor Jeffrey Park for Dr. Mann’s statistical training. Dr. Mann states, when my knowledge 
and skills in time series analysis and statistics were few. He taught me the tools of statistical data 
analysis.” Professor Park is a seismologist, not a statistician. Dr. Park received his doctorate in Earth 
Sciences from the University of California, San Diego. 
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• Professor Grace Wahba, statistics, University of Wisconsin, 
Madison, elected member of the National Academy of Science 

• Professor Noel Cressie, spatial statistics, Ohio State University 

• Professor David Banks, statistics, Duke University, Editor of 
Applications Section, Journal of the American Statistical 
Association 

• Professor William Wieczorek, geophysics, Buffalo State SUNY 

• Dr. Amy Braverman, Senior Scientist, remote sensing, data 
mining. Jet Propulsion Laboratory (CalTech) 

• Dr. Fritz Scheuren, statistics, NORC, University of Chicago, the 
100^^ president of the American Statistical Association 

• In addition, we had two other reviewers who asked that their 
names not be revealed because of potential negative consequences 
for them. 

7. Prior to sending your report to the Committee on Energy and Commerce, 
was your report peer reviewed, i.e. did someone other than the authors select 
the reviewers, were reviewers allowed to submit comments anonymously, 
was someone other the authors involved in deciding whether the authors’ 
responses were adequate? 

Ans: Our report was not peer reviewed in the sense you ask. The review process 
we went through was similar to that employed by the National Research Council. 
At the NRC, the Committee makes recommendations to the Committee Chair and 
the Study Director. The list is narrowed and a recommendation is made by the 
Study Director. This list is approved by a higher-level authority and the document 
is sent out for review. The reviewers are not anonymous and their names are listed 
in the document. This was true of the recent North Study on Paleoclimate 
Reconstruction that was also the subject of our first round of testimony. Because 
we did not have the NRC structure, we obviously did not have a higher-level 
review of our list, but to the best of our ability, we acted in good faith to obtain 
reviews, some of which expressed dissenting opinions. Subsequently, we have 
been preparing papers that will be peer reviewed for the Applications Section of 
the Journal of the American Statistical Association, another for the journal called 
Statistical Science^ published by the Institute of Mathematical Statistics, and 
finally for a more popular outlet called Chance. In addition, we are preparing a 
paper motivated by our social network studies on the styles of co-authorship. 

8. You testifled that “the fact is that the peer review process failed in the 1998 
paper.” Which peer review process were you referring to? Were you 
referring to the peer review process conducted by the journal that published 
the 1998 paper? 


^ The Statistical Science article will have even more rigorous scrutiny than a normal peer review. It will be 
a discussion paper meaning that discussants will have an opportunity to comment in writing for the 
audience to see. 
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Ans: Yes, I was referring to the peer review process at Nature, which published 
the 1998 paper, 

9. Your analysis seems to show that, at least in some instances, when you use 
the same methodology and the same data, a graph of the results will look like 
a hockey stick when the data is decentered, but not when the data is properly 
centered. 

a. Is that a correct statement? 

Ans; Yes. We explicitly looked at the first principal component of the 
North American Tree Ring series and demonstrated that the hockey stick 
shows up when the data are decentered, but not when properly centered. 
We also demonstrated the same effect with the digitized version of the 
1990 IPCC curve. 

b. Does your analysis prove that every time you use improperly centered 
data and the climate field reconstruction methodology (CFR) and get 
a hockey stick, the hockey stick will disappear when the data is 
properly centered? Or does the shape of the graph with properly 
centered data depend on the data? 

Ans: The shape of the graph will depend on the underlying data. To 
reiterate our testimony, the decentering process as used in MBH98 and 
MBH99 selectively prefers to emphasize the hockey stick shape. This is 
because the decentering increases the apparent variance of hockey sticks 
and principal component methods attempt to find components with the 
largest explainable variance. If the variance is artificially increased by 
decentering, then the principal component methods will “data mine” for 
those shapes. In other words, the hockey stick shape must be in the data to 
start with or the CFR methodology would not pick it up. What we have 
shown both analytically and graphically in Figure 4.6 is that using the 
CFR methodology, just one signal when decentered will overwhelm 69 
independent noise series. The point is that if all 70 proxies contained the 
same temperature signal, then it wouldn’t matter which method one used. 
But this is very far from the case. Most proxies do not contain the hockey- 
stick signal. The MBH98 methodology puts undue emphasis on those 
proxies that do exhibit the hockey-stick shape and this is the fundamental 
flaw. Indeed, it is not clear that the hockey-stick shape is even a 
temperature signal because all the confounding variables have not been 
removed. 

c. Does your report prove that “the hockey stick disappears” from 
MBH98 and MBH99 if one were to fix the decentering? In other 
words, does your paper prove that “the hockey stick disappears” if 
the data is properly centered but the rest of the MBH98 and MBH99 
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analysis were kept the same (i.e., it relied on the CFR methodology 
and all the proxy data used by Dr. Mann in MBH98 and MBH99)? If 
you believe that it does, what level of certainty do you give to this 
conclusion? 

Ans: Our report does not prove that the hockey stick disappears. Our work 
demonstrates that the methodology is incorrect. Because of the lack of 
proper statistical sampling and correct inferential methodology, we 
concluded that the statements regarding the decade of the 1990s probably 
being the hottest in a millennium and 1998 probably being the hottest year 
in a millennium are unwarranted. Indeed, I repeatedly testified that the 
instrumented temperature record from 1850 onwards indicated that there is 
a pattern of global warming. We have never disputed this. We also believe 
that there is no dispute between our report and the North report in this 
regard. Professor North in testimony agreed with our conclusions 
regarding the incorrectness of the methodology. We in turn agree with the 
fundamental conclusion of the North report, i.e. that the present era is 
likely the hottest in the last 400 years. We remain silent on the issues 
related to anthropogenic global warming. 

d. Does your report include a recalculation of the MBH98 and MBH99 
results using the CFR methodology and all the proxies used in 
MBH98 and MBH99, but properly centering the data? If not, why 
doesn’t it? 

Ans: Our report does not include the recalculation of MBH98 and 
MBH99. We were not asked nor were we funded to do this. We did not 
need to do a recalculation to observe that the basic CFR methodology was 
flawed. We demonstrated this mathematically in Appendix A of the 
Wegman et al. Report. The duplication of several years of funded research 
of several paleoclimate scientists by several statisticians doing pro bono 
work for Congress is not a reasonable task to ask of us. We all have 
additional responsibilities to the people and agencies that pay our salaries. 

10. In the footnote of your report, you reference papers by Wahl and Ammann 
(2006) and Wahl et al. (2006) and note that they ‘‘are not to the point.” I 
understand that Wahl and Ammann actually examined, among other things, 
the problem of data decentering, the main focus of your report, and 
corrected the emulation of MBH98 by recentering the data. 

a. Did you analyze this work by Wahl and Ammann prior to sending 
your final report to the Committee on Energy and Commerce? If so, 
why does your report not alert the reader that these researchers had 
conducted a reanalysis of the MBH98 that corrected the only 
statistical methodology error discussed in the “Finding” section of 
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your report and that these researchers found that recentering the data 
did not significantly affect the results reported in the MBH98 paper? 

Ans: The Wahl and Ammann paper came to our attention relatively late in 
our deliberations, but was considered by us. Some immediate thoughts we 
had on Wahl and Ammann was that Dr. Mann lists himself as a Ph.D. co- 
advisor to Dr. Ammann on his resume. As I testified in the second hearing, 
the work of Dr. Ammann can hardly be thought to be an unbiased 
independent report. It would have been more convincing had this paper 
been written by a totally independent authority, but alas this is not the 
case. The Wahl and Ammann paper is largely an attempt to refute the 
criticisms of McIntyre and McKitrick (MM). The comment we made in 
our footnote about being ‘not to the point” refers to the fact that MM03 
and MM05 were not attempting to portray themselves as doing a 
paleoclimate reconstruction, they not being paleoclimatologists 
themselves, but were merely pointing out the flaws in the MBH98 and 
MBH99 papers. There are several comments of interest in the Wahl and 
Ammann paper. They suggest three areas in which the MBH papers have 
been subject to scrutiny. 


“First, the MBH reconstruction has been examined in light of its agreement/lack of 
agreement with other long-term annual and combined high/low frequency 
reconstructions.” Wahl and Ammann (2006, p.3 in the 24 February 2006 draft) 

Their conclusion is: 

“The comparison of the MBH reconstruction, derived from multi-proxy (particularly tree 
ring) data sources, with widespread bore-hole-based reconstructions ... is still at issue in 
the literature.” Wahl and Ammann (2006, p.4 in the 24 February 2006 draft) 

In other words, the MBH reconstruction does not agree with other widely 
accepted methodologies for climate reconstruction. Bore hole methods 
measure a temperature gradient and calculate the diffusion of heat within 
the bore hole. This method does not have nearly the confounding variables 
as do tree ring proxies. The second area of scrutiny involves comparison 
with results from modeling efforts. 


“Second a related area of scrutiny of the MBH reconstmction technique arises from an 
atmosphere-ocean general circulation model (AOGCM) study ..., which also examines 
the potential loss of amplitude [in the MWP] in the MBH method (and other 
proxy/instrumental reconstructions that calibrate by using least squares projections of the 
proxy vectors onto a single- or multi-dimensional surface determined by either the 
instrumental data or its [their] eigenvectors.” Wahl and Ammann (2006, p.4 in the 24 
February 2006 draft) 

Again the MBH reconstructions do not correlate well with the model- 
based methods. Wahl and Amman (2006) offer the following explanation. 
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“However, a number of issues specific to the modeling situation could arise in this 
context, including: how realistically the AOGCM is able to reproduce the real world 
patterns of variability and how they respond to various forcings’; the magnitude of 
forcings and the sensitivity of the model that determine the magnitude of temperature 
fluctuations and the extent to which the model was sampled with the same richness of 
information that is contained in the proxy records (not only temperature records, but 
series that correlate well with the primary patterns of variability - including, for example, 
precipitation in particular seasons.” Wahl and Ammann, (2006, p.5 in the 24 February 
2006 draft) 

This quotation has two interesting facets. First, it seems to call into 
question the very models that are predicting temperature increases based 
on C02 forcings. If these models do not coincide with the MBH 
reconstructions, then which are we to believe? Second, the quotation 
implicitly admits what we have observed previously, namely that there are 
other covariates such as precipitation, which are not teased out in the 
temperature reconstructions. Thus, what are purported to be temperature 
reconstructions are contaminated with covariates that reflect temperature 
indirectly at best and not at all at worst. The third area of scrutiny involves 
the challenges made by MM. 

“A third area of scrutiny has focused on the nature of the proxy data set utilized by MBH, 
along with the pre-processing algorithms used to enhance the climate signal-to-noise 
characteristics of the proxy data.” Wahl and Ammann, (2006, p.5 in the 24 February 2006 
draft) 

We submit that both the mathematical analysis in Appendix A of our 
report to Congress together with our simulation demonstrate that the 
decentering method yields incorrect results. The critical issue then 
becomes the proxies themselves, which MM have challenged. A telling 
comment from Wahl and Ammann is the following. 

“A further aspect of this critique is that the single-bladed hockey stick shape in proxy PC 
summaries for North America is carried disproportionately by a relative small subset (15) 
of proxy records derived from bristlecone/foxtail pines in the western United States, 
which the authors [MM] mention as being subject to question in the literature as 
local/regional temperature proxies after approximately 1850 .... It is important to note in 
this context that because they employ an eigenvector-based CFR technique, MBH do not 
claim that all proxies used in their reconstruction are closely related to local-site 
variations in surface temperature.” Wahl and Ammann, (2006, p.9 in the 24 February 
2006 draft). 

This together with the AOGCM quotation reinforces the notion that MBH 
are attempting to reconstruct temperature histories based on proxy data 
that are extremely problematic in terms of actually capturing temperature 
information directly. As we testified, it would seem that there is some 
substantial likelihood that the bristlecone/foxtail pines are C02 fertilized 
and hence are reflecting not temperature at all but C02 concentration. It is 
a circular argument to say increased C02 concentrations are causing 

’ Including presumably forcings from greenhouse gasses such as C02. 
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temperature increases when temperature increases are estimated by using 
proxies that are directly affected by increased C02 concentrations. 

It is our understanding that when using the same proxies as and the same 
methodology as MM, Wahl and Ammann essentially reproduce the MM 
curves. Thus, far from disproving the MM work, they reinforce the MM 
work. The debate then is over the proxies and the exact algorithms as it 
always has been. 

The fact that Wahl and Ammann (2006) admit that the results of the MBH 
methodology does not coincide with the results of other methods such as 
borehole methods and atmospheric-ocean general circulation models and 
that Wahl and Ammann adjust the MBH methodology to include the PC4 
bristlecone/foxtail pine effects are significant reasons we believe that the 
Wahl and Amman paper does not convincingly demonstrate the validity of 
the MBH methodology. 

b. Do you agree or disagree with Wahl and Ammann ’s flnding that the 
time period used to center the data does not signiflcantly affect the 
results reported in the MBH98 paper? If you disagree, please state the 
basis for your disagreement. 

Ans: We do disagree. The fundamental issue focuses on the North 
American Tree Ring proxy series, which Wahl and Ammann admit are 
problematic in carrying temperature data. In the original MBH decentered 
series, the hockey-stick shape emerged in the PCI series because of 
reasons we have articulated in both our report and our testimony. In the 
original MBH papers, it was argued that this PCI proxy was sufficient. 
We note the following from Wahl and Ammann. 


“Thus, the number of PCs required to summarize the underlying proxy data changes 
depending on the approach chosen. Here we verify the impact of the choice of different 
numbers of PCs that are included in the climate reconstruction procedure. Systematic 
examination of the Gaspe-restricted reconstructions using 2-5 proxy PCs derived from 
MM-centered, but unstandardized data demonstrates changes in reconstruction as more 
PCs are added, indicating a significant change in information provided by the PC series. 
When two or three PCs are used, the resulting reconstructions (represented by scenario 
5d, the pink (1400-1449) and green (1450-1499) curve in Fig. 3) are highly similar 
(supplemental information). As reported below, these reconstructions are functionally 
equivalent to reconstructions in which the bristlecone/foxtail pine records are 
directly excluded [emphasis added] (cf pink/blue curve for scenarios 6a/b in Fig. 4). 
When four or five PCs are used, the resulting reconstructions (represented by scenario 5c, 
within the thick blue range in Fig. 3) are virtually indistinguishable (supplemental 
information) and are very similar to scenario 5b.” Wahl and Ammann, (2006, p.31, 24 
February 2006 draft) 

Without attempting to describe the technical detail, the bottom line is that, 
in the MBH original, the hockey stick emerged in PCI from the 
bristlecone/foxtail pines. If one centers the data properly the hockey stick 
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does not emerge until PC4. Thus, a substantial change in strategy is 
required in the MBH reconstruction in order to achieve the hockey stick, a 
strategy which was specifically eschewed in MBH. In Wahl and 
Ammann’s own words, the centering does significantly affect the results. 

c. Dr. Gulledge included in his testimony a slide showing the graph of W 
A emulation of the MBH and MBH-corrected for decentering and the 
Gaspe tree-ring series. Were you aware of their reanalysis of MBH99 
prior to the time you finalized your report? Do you agree or disagree 
with their reanalysis of MBH99? If you disagree, please state the basis 
for your disagreement. 

Ans: Yes, we were aware of the Wahl and Ammann simulation. We 
continue to disagree with the reanalysis for several reasons. Even granting 
the unbiasedness of the Wahl and Ammann study in favor of his advisor’s 
methodology and the fact that it is not a published refereed paper, the 
reconstructions mentioned by Dr. Gulledge, and illustrated in his 
testimony, fail to account for the effects of the bristlecone/foxtail pines. 
Wahl and Ammann reject this criticism of MM based on the fact that if 
one adds enough principal components back into the proxy, one obtains 
the hockey stick shape again. This is precisely the point of contention. It is 
a point we made in our testimony and that Wahl and Ammann make as 
well. A cardinal rule of statistical inference is that the method of analysis 
must be decided before looking at the data. The rules and strategy of 
analysis cannot be changed in order to obtain the desired result. Such a 
strategy carries no statistical integrity and cannot be used as a basis for 
drawing sound inferential conclusions. 

11. Please answer the following questions with respect to Figure 4.3 in your 
report: 


a. Is the data centering the only difference between the two panels in 
that figure? 

Ans: Yes, the centering is the only difference. 

b. Were the same R commands used to carry out the PC analysis for the 
upper and lower panels? 

Ans: Yes, the same R commands were used except that a parameter 
indicating centering or not was adjusted. 

c. Was the upper frame processed based on a correlation matrix? Was 
the lower frame processed based on a covariance matrix? If the 
answer to both questions is yes, does this not have the effect of 
comparing standardized with non-standardized data? 
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Ans: The correct method for a principal component analysis (that we 
executed) is to use the covariance matrix and not the correlation matrix. 
The correlation is a scaled version of the covariance divided by the 
product of the standard deviations of the individual variables. You are 
really asking a different processing question when you ask about 
standardized versus non-standardized data. Because the scale of different 
proxy series is different, as indicated above PCA will preferentially 
emphasize series with larger variance as the first principal component. 
Thus, it is important to ensure that the proxy data all have the same scale. 
This is a tricky adjustment from a statistical perspective. Simply dividing 
by the standard deviation is a non-robust procedure if the data have 
outliers. This appears to be the case with many of the proxy data sets. 
Thus, a robust estimator of scale must be used. One can observe that we 
did do the scale adjustment based on the fact that the scales of the Y axes 
are approximately the same. The underlying assumption is that the time 
series of proxy data are heteroscedastic, which is a fancy statistical term 
meaning that they have the same variance (scale) through time. This is 
also a problematic assumption for serious data analyses, although it is the 
approximation made by MBH and by us to generate Figure 4.3. 

d. Is it appropriate to compare data sets that have more than a tenfold 
difference in standard deviation among them? Would not such a 
comparison preferentially select data sets with larger variance, 
regardless of the climate signal contained in the data sets with the 
smaller variance? 

Ans: No, it is not appropriate and we did not do this. Yes indeed, the PCA 
would over-represent proxies with a larger variance to the detriment of 
climate signals in sets with smaller variance. Again, we did not do this. 

e. What does PCI look like if the data are centered correctly and 
processed based on a correlation matrix instead of a covariance 
matrix? 

Ans: If the scale is adjusted by the standard deviation after first being 
centered, then the result is a standardized random vector. In this case, the 
covariance matrix would be identical with the correlation matrix and 
would look like the bottom panel of our Figure 4.3. 
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APPENDIX A: Wegman Social Network Analysis 
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Edward J. Wegman’s Author— Coauthor Social Network 

Walid Sharabati 


Introduction 

Social Networks are becoming an important tool in analyzing the behavior of groups of peo- 
ple on the global level (how one or more group interacts with other group(s)) and on the local 
level (how individuals interact with each other within the same network.) In this report, 
we will study in depth the author-coauthorship social network of Edward J. Wegman - a 
prominent professor of Statistics at George Mason University, Fairfax VA, USA. 

We would like to provide you some background on Dr. Wegman. He received his Ph.D. 
degree in Mathematical Statistics from University of Iowa in 1968. Immediately after his 
Ph.D., he went to the statistics department at the University of North Carolina, Chapel 
Hill, which was one of the leading statistics departments in the world. His early career fo- 
cused on the development of aspects of the theory of mathematical statistics. In 1978, he 
went to the Office of Naval Research (ONR) where he was the Head of the Mathematical 
Sciences Division. He has been in the research and academia field for some time and has 
published an array of work, which includes over 200 prestigious refereed journals, books, and 
technical reports, authored individually and with a number of colleagues and Ph.D. students. 

In this study, we are going to look at the structure of the network and model its behav- 
ior. The objective of this paper is to perform a comprehensive social network analysis on 
the first- level of Wegman’s coauthorship network. 

Social Networks can be treated as directed graphs in which actors (individuals) are repre- 
sented by vertices (nodes) while interactions between actors are represented by edges (ties), 
which may have weights. There are three basic representations of a graph - the planar 
graph visualization, the adjacency matrix, and the sparse-graph representation. The tools 
and methods of analyzing graphs will be covered in detail in Section 3. 

1 Literature Review 

It is worth mentioning that no one has yet analyzed Wegman’s author-coauthorship social 
network on any level. This work will provide an independent source to view the network on 
the different levels and examine how the actors interact with each other. It is the expectation 
that the methodology and techniques applied will unveil important properties of the network. 
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Figure 1: Snapshot of the proximity adjacency matrix. 
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Figure 2: Snapshot of the proximity adjacency matrix of the coauthors with frequency > 5. 


Of all the work that has been done on social networks, very few investigators have con- 
sidered coauthorship network. Therefore, what we are about to observe in this paper is a 
brand new approach in the social networks field. 

The main purpose of analyzing coauthorship networks is to be able to answer the ques- 
tion of “who-wrote-with-who” with what frequency. 


2 Data 

Wegman’s raw data was collected directly from his personal website and his updated cur- 
riculum vitae. Building the adjacency/proximity matrix manually was very cumbersome 
because one has to consider not only Wegman and his coauthors and the coauthors who 
wrote with other coauthors, but also the frequency of communication. It is vital to keep 
track of the record of every coauthor. 

Figure 1 is a snapshot of one block of the proximity adjacency matrix built in MS-Excel, the 
original matrix is of size 102 x 102. Notice that the matrix is symmetric due to the fact that 
relationship among actors are reflexive; i.e. if person A published with person B then this 
also implies person B published with person A. 

Figure 2 shows a list of all coauthors published with Wegman five times or more. 
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Figure 3: Wegraan’s author-coauthor social network. 


3 Analysis Methods 

The methodology adopted in this study consists of both theoretical approach to quantita- 
tively analyze the network, and software approach to simulate and visualize the network. 
The algorithms and techniques applied to study interactions within the network include 
centrality measures (node degree and closeness), network partitioning (cliques and clique 
overlapping), network connectivity (cut-points and bridges), structural equivalence, struc- 
tural holes, brokerage roles and block-modeling. The software tools used to run and model 
the network are UCINET-6 and Pajek-1 .02. 

4 Results and Discussion 

We start by exploring Wegman’s network with all the actors (coauthors) followed by a de- 
tailed analysis pinning down the significant and interesting characteristics of the network. 
The general structure of the network is based on a weighted digraph consisting of nodes 
(coauthors) and weighted edges (ties) representing the number of times an actor coauthored 
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Figure 4: Example of a simple ego-network. Node Ego has degree = 7, nodes A and C have both degree = 
2, nodes B, D, E, F and G have all degree = 1. 


with Wegman and with other coauthors. Figure 3 shows the basic structure of Wegman’s 
network. The graph suggests that the network is an “ego” network; in which all nodes are 
connected to one focal node, see Figure 4. In graph theory terms this referred to as a star 
graph. This star shape is predicted in first-level coauthorship networks since all coauthors 
are expected to have communicated (ties) with that one main author. The current number of 
actors coauthored with Wegman is 101. Some coauthors share edges not only with Wegman, 
but also with other coauthors; more than one name can appear on a publication. One can 
clearly see the two “clouds” (clump networks) fully connected - complete subgraphs. 

Figure 5 shows the matrix representation of Wegman’s network, each black square indicates 
a coauthor-relation. The matrix is generated using Pajek. 

Figure 6 shows the network in circle layout, the coloring and thickness of both the nodes and 
edges will be discussed more when we analyze centrality measures and network partitioning. 
Circle layout is yet another way of displaying the network. 

Figure 7 is a random partition of the network with two clusters in grey scale, the darker the 
color the higher the frequency. Figure 8 is a random partition of the network with three 
clusters. 

4.1 Centrality Measures 

In social networks analysis, centrality measures are quantitative tools used for investigating 
the network; the two centrality metrics that we are applying are node degree and closeness. 
At the individual level, one dimension of position in the network can be captured through 
centrality. Conceptually, centrality is straight forward; we want to identify the nodes resid- 
ing in the “center” of the network. 
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Figure 6: Circle layout of Wegman’s network. 


Degree of a node is the number of edges that connect it to other nodes; see Figure 4, degree 
can be interpreted as measure of power or importance of a node, or measure of workload. 
The actor with most ties is the most important figure in a network. In a simple random 
graph, degree will have a Poisson distribution [2], and the nodes with high degree are likely 
to be at the intuitive center. Deviations from a Poisson distribution suggest non-random 
processes, which is at the heart of current “scale-free” work on networks. 

Definition: A graph G, is a collection of nodes N and edges E\ G = {N,E}, where 
N = {ni, n2, na, • • • , n^} and E = {ci, 62, 63, • • • , ce}. 

Definition: Node degree; denoted Gd{ni), is defined by 

Cd{ni) = d{ni) = aij e A, ( 1 ) 

3 

where d represents degree measure, and A is the adjacency matrix. 

To illustrate the degree measure, we calculate the node degree for the nodes in Figure 4. 
The table below shows the results. 
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Adjacency 

Ego 

A 

B 

c 

D 

E 

F 

G 

Ego 

0 

1 

1 

1 

1 

1 

1 

1 

A 

1 

0 

0 

1 

0 

0 

0 

0 

B 

1 

0 

0 

0 

0 

0 

0 

0 

C 

1 

1 

0 

0 

0 

0 

0 

0 

D 

1 

0 

0 

0 

0 

0 

0 

0 

E 

1 

0 

0 

0 

0 

0 

0 

0 

F 

1 

0 

0 

0 

0 

0 

0 

0 

G 

1 

0 

0 

0 

0 

0 

0 

0 


On the other hand, closeness is based on the inverse of the distance of each actor to every 
other actor in the network. If an actor is close to all other actors then this actor is considered 
important. 


Definition: Closeness; denoted Cdrii), is defined by 


C7e(n,) 


Y^d(ni,nj) , 
J=l 


(2) 


where c represents closeness, c/(n^, rij) is the shortest distance between node i and node j. 


For example, the network in Figure 4 has the following closeness measures: 


Distance 

Ego 

A 

B 

C 

D 

E 

F 

G 

Ego 

0 

1 

1 

1 

1 

1 

1 

1 

A 

1 

0 

2 

1 

2 

2 

2 

2 

B 

1 

2 

0 

2 

2 

2 

2 

2 

C 

1 

1 

2 

0 

2 

2 

2 

2 

D 

1 

2 

2 

2 

0 

2 

2 

2 

E 

1 

2 

2 

2 

2 

0 

2 

2 

F 

1 

2 

2 


2 

2 

0 

2 

G 

1 


2 

2 

2 

2 

2 

0 


Sum 

Closeness 

Normalized 

7 

0.143 

1.000 

12 

0.083 

0.583 

13 

0.077 

0.538 

12 

0.083 

0.583 

13 

0.077 

0.538 

13 

0.077 

0.538 

13 

0.077 

0.538 

13 

0.077 

0.538 


Let us apply the centrality measures to Wegman’s network, Figure 9 shows a table of central- 
ity measures. In terms of degree (a local measure), aside from Wegman, which is the most 
central person in the network simply because he wrote with every member of the network; 
thus he has the highest degree since he is connected to all other nodes, Solka with normalized 
node degree of 25.743 comes in second place, he is an important figure because he is the actor 
with most ties. The third place is shared by Marchette and Priebe with normalized node 
degree of 15.842. 

Using closeness metric, Wegman comes in first place, he is the most central person. Solka 
again has the second highest closeness with a normalized value of 57.386, he is considered 
important because he is relatively close to all other actors. And finally, Marchette and Priebe 
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Degree 

Closeness 

1 

Wegtnan 

100.000 

100. 000 

2 

B. Gere 

0.990 

50.249 

3 

H, I. Davies 

0.990 

50.249 

4 

D. R. Bril linger 

0.990 

50,249 

5 

3. Gould 

0.990 

50.249 

6 

R. 3 . Carroll 

3.960 

51.010 

7 

A. Glaser 

0.990 

50.249 

8 

T. Robertson 

0.990 

50.249 

9 

cl-sayed Nour 

1.980 

50. 500 

10 

1. w. Wright 
c. Kulcuk 

0.990 

50.249 

11 

1.980 

50. 500 

12 

P, Baylis 

3.960 

51.010 

13 

A. Deepak 

3.960 

51. 010 

14 

C. R. Francis 

3.960 

51.010 

15 

E. J. Kibblewhite 

3.960 

51.010 

16 

G. c. McDonald 

0.990 

50.249 

17 

3 . Miller 

7.921 

52,062 

18 

D. T. Gant2 

1.980 

50. 500 

19 

A. Hayes 

0.990 

50.249 

20 

H. Solomon 

0.990 

50.249 

21 

c. Shull 

0.990 

50.249 

22 

M. Bolorforoush 

0.990 

50.249 

23 

B. E. Trumbo 

0.990 

50.249 

24 

D. King 

5.941 

51. 531 

25 

H. T. Le 

2.970 

50.754 

26 

M. XU 

1.980 

50. 500 

27 

L. 8. Hearne 

0.990 

50.249 

28 

M. K. Habib 

1.980 

50. 500 

29 

0. B, Carr 

7.921 

52.062 

30 

Q. Luo 

13.861 

53.723 

31 

3 . shen 

2.970 

50.754 

32 

c, A. Jones 

0.990 

50.249 

33 

B, Takacs 

1.980 

50. 500 

34 

H. wechsler 

4.950 

51,269 

35 

M. Sullivan 

0.990 

50.249 

38 

3 . L. solka 

25.743 

57.386 

37 

w. Martinez 

13.861 

53.723 

38 

D. 3. Mar Chet te 

15.842 

54.301 

39 

c. G. Ball 

0.990 

50.249 

40 

G. Rogers 

4.950 

51.269 

41 

8. C. wallet 

4.950 

51.269 

42 

S. C. Li 

0.990 

50,249 

43 

c. E. priebe 

15.842 

54 . 301 

44 

3. X. Chen 

6. 931 

51. 795 

45 

0. T. Holland 

1.980 

50. 500 

46 

3. Wallin 

5.941 

51. 531 

47 

M. c. Minnotte 

1.980 

SO, 500 

48 

A. Wilhelm 

1.980 

50. 500 ] 

49 

3. Symanzik 

11.881 

53.158 j 

50 

s. Ahn 

0.990 

50.249 3 


51 

L. Reid 

2.970 

50.754 

52 

3. Wang 

1.980 

50. 500 

53 

3. P. Vender sluis 

9.901 

52.604 

54 

F. camelli 

9.901 

52.604 

55 

A. Dzubay 

9.901 

52.604 

56 

X. FU 

10.891 

52.880 

57 

N-A. Khumbah 

9.901 

52.604 

58 

R. Moustafa 

10.891 

52.880 

59 

R. Wall 

9.901 

52.604 

60 

Y. zhu 

9.901 

52.604 

61 

K. Dejong 

1.980 

50.500 

62 

A. Martinez 

1.980 

50. 500 

63 

A. H. oorfwan 

2.970 

50. 754 

64 

3. Lent 

2.970 

50. 754 

65 

S. G. Leaver 

2,970 

50.754 

66 

w. chow 

0.990 

50.249 

67 

K. Kafadar 

0.990 

50.249 

68 

M. L. Adams 

1.980 

50. 500 

69 

A. c. Bryant 

1,980 

50. 500 

70 

A. eraverman 

4.950 

51.269 

71 

D. A. Johannsen 

2.970 

50.754 

72 

F, T, Alotaiby 

3.960 

51.010 

73 

D. Sprague 

3.960 

51,010 

74 

Y. Park 

12.871 

53.439 

75 

0. A. socoi insky 

12.871 

53.439 

76 

D. Karakos 

12.871 

53.439 

77 

K. w. Church 

12.871 

53.439 

78 

R. Guglielmi 

12.871 

53.439 

79 

R. R. Coifman 

12.871 

53.439 

80 

D. Lin 

12.871 

53.439 

81 

D. M. Healey 

12.871 

53.439 

82 

M. Q. Jacob 

12.871 

53.439 

83 

A. Tsao 

12.871 

53.439 

84 

Y, said 

0.990 

50.249 

85 

K. caudle 

0.990 

50.249 

86 

D. DePriest 

0.990 

50. 249 

87 

3. smith 

0.990 

50.249 

88 

s. p. Azen 

0,990 

50.249 

89 

Y. Martinez 

0.990 

50.249 

90 

e. Bodt 

0.990 

50.249 

91 

3. L. Davis 

2,970 

50.754 

92 

R. w. Newburgh 

1. 980 

50. 500 

93 

C. R. Rao 

1.980 

50. 500 

94 

s. c. Schwartz 

1.980 

50.500 

95 

3. B. Thomas 

1.980 

50. 500 

96 

A. Goodnan 

2.970 

50.754 

97 

p. Smyth 

2.970 

50.754 

98 

M. R, Leadbetter 

1.980 

50,500 

99 

E. G. McLeroy 

1.980 

50. 500 

.00 

N. L. Johnson 

3.960 

51.010 

.01 

K. 3. c. anith 

2.970 

50. 754 

.02 

D. Hawkins 

2.970 

50.754 


Figure 9: Normalized nodes degree and closeness for all actors. 
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have a closeness normalized value of 54.301, which puts them in third place. W. Martinez 
with a normalized closeness value of 53.723 comes in fourth place. Notice that no other 
coauthor has a normalized closeness value less than 50.249. There are two reasons for that, 
one is that we are considering only first level coauthorship, which means that most actors 
will relatively have similar values and close to that one author, and secondly, one should 
keep in mind that the Wegman’s network is a star graph with one main figure in the center. 
We expect the second level coauthorship network to act differently and provide more insight 
on the dynamics of this network. 

Figure 10 is a modified version of Figure 3 emphasizing nodes degree and tie strength. 
Nodes color and size are set by the attribute node degree, while edges color and thickness 
are set by the attribute tie strength, which represents frequency of communication. Color 
palettes of nodes degree and ties strength are shown in Figure 11. As we mentioned earlier 
Solka has the second largest node degree, note that Priebe and Marchette have the same 
node color and size since they are in third place. Also, we can see that W. Martinez and 
Luo have relatively large nodes with the same node color. Yet, if we consider ties strength 
instead; clearly Solka has the highest frequency then comes W. Martinez in second place. In 
parallel, another interesting hidden feature is revealed by the graph, Solka and W. Martinez 
have the strongest tie among all coauthors, they wrote with each other (17 times) more than 
any other two coauthors did in the network excluding Wegman. The edges (Solka, Priebe) 
and (Solka, Marchette) have the same color and thickness, which suggests that Priebe and 
Marchette coauthored with Solka the same number of times, in fact, they coauthored four 
times. Note that any two or more nodes or edges have the same color and/or thickness imply 
that they have the same node degree and/or tie strength. 

Definition: Graph diameter is the longest geodesic between any two nodes, where the geo- 
desic is the length of the shortest path between any two nodes. 

The diameter of Wegman’s network is 2, this is simply because the network is a star graph 
and because we are just studying the first-level network. 

Definition: Graph density is defined as the ratio of number of edges in the graph to the 
total possible number of edges in a graph. 

D- ^ 2f; 

k{k - l)/2 “ k{k - 1) 

Using UCINET-6, Wegman’s network graph density is 0.0986. 

4.2 Network Connectivity 

Definition: A dyad is a pair of nodes and the edge connecting them. 

Definition: A triad is a set of three nodes and the edges connecting them. 

A triad is identified by a M-A-N number system of three digits and a letter. The first 
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Figure 12: Wegman’s network without Wegman. 


digit indicates the number of mutual positive dyads (M), the second digit is the number of 
asymmetric dyads (A), and the third digit is the number of null dyads (N). Sometimes, a 
letter which refers to the direction of the asymmetric choices is added to distinguish between 
triads with the same M-A-N labeling digits: D for down, U for up, C for cyclic, and T for 
transitive [3]. 

We then examine the network without the star node Wegman in attempt to discover sec- 
ondary structure and how the network behaves without the main actor. Figure 12 shows 
this network without Wegman. The graph is now partially disconnected with a number of 
isolated nodes; in this case, Wegman is considered a cutpoint and the edges {(Carr, Luo), 
(Carr, Shen)} are considered local bridges. Notice that it is less frequent to find global 
bridges. Both of Carr and Luo are outpoints; by removing either of these nodes the sub- 
network will be disconnected. Triads are obvious in this network; for instance, the triad 
300 (mutual actors agreeing) {(Carr, Shen, Luo)}, which also forms a clique, is vital to the 
network in the sense that by removing this clique the network will be further disconnected 
and thus have more than one component (maximal connected subgraph). We will discuss 
cliques more in section 4.3. 

Some actors are still connected with others forming subnetworks. The actors {(Lent, Leaver, 
Dorfman)} form again the triad 300; also known as triad 16, it refers to the structure with 
reciprocal links (A writes with B and B writes with A) among three different coauthors. 
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Figure 13: Wegman’s network with Wegman. 


Figure 13 shows the network with Wegman. 

4.3 Cohesive Subgroups 

One of the most interesting features in a network that caught structural analysts’ attention 
is secondary sub-structures such as network cohesion. Researchers interested in cohesive sub- 
groups gathered and studied sociometric data on affective ties in order to identify “cliquish” 
subgroups (face-to-face group). The clique is the foundational idea for studying and analyz- 
ing cohesive subgroups in social networks. 

Definition: A clique in a graph is a maximal complete subgraph of three or more nodes, 
mutual dyads (2 nodes) are not considered to be cliques [4]. 

It consists of a subset of nodes all of which are adjacent to each other, and there are no 
other nodes that are also adjacent to all of the members of the clique. A clique is a very 
strict definition of cohesive subgroups. Cliques are a subset of the network in which the 
actors are more closely and intensely tied to one another than they are to other members of 
the network and if one actor disappears for any reason, the other two can still write/talk to 
each other. As an illustration, in Figure 4, the nodes {Ego, A, C} form a clique. 
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Figure 14: The 36 clique sets in Wegman’s network. 


In Wegman’s network there are 36 cliques, Figure 14 shows all 36 clique sets with the 
coauthors. For example, in the relations of coauthors, clique number 11 consists of the 
nodes (Wegman, Solka, Bryant), clique number 9 consists of the coauthors (Wegman, Solka, 
W. Martinez, Reid), clique number 2 consists of the actors (Wegman, Solfei, W. Martinez, 
Marchette, Priebe). We can also observe that an actor can be a member of one or more 
clique such as Solka. 

Notice that cliques in a graph may overlap. The same node or set of nodes might belong 
to more than one clique (some cliques contain more than one member in common). Also, 
there may be nodes that do not belong to any cliques. However, no clique can be entirely 
contained within another clique, because if it were the smaller clique then it would not be 
maximal. Figure 15 shows the clique overlap. There is a considerable overlap among the 
cliques in the coauthor relation, more than one coauthor belongs to one or more cliques. 

Cliques are interesting to study because suppose the actors in one network form two non- 
overlapping cliques; and that the actors in another network also form two cliques, but that 
the memberships overlap (some people are members of both cliques). Where the groups 
overlap, we might expect that conflict between them is less likely than when the groups do 
not overlap [1], this is the case with Wegman, Solka, W. Martinez and Marchette. Where 
the groups overlap, mobilization and diffusion may spread rapidly across the entire network; 
where the groups do not overlap, traits may occur in one group and not diffuse to the other. 
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Figure 15: The clique overlap in Wegman’s network. 


4.4 Structural Equivalence 

Definition; Two actors are structurally equivalent if they have the same type of ties to the 
same people. 

We now discuss the method of partitioning actors into subsets so that actors within each 
subset are closer to being equivalent than are actors in different subsets. One way to display 
the results of a series of partitions is to construct a dendrogram indicating the degree of 
structural equivalence among the positions and identifying their members. Each level of the 
diagram indicates the division resulting from a split of the previous subset [4]. A dendrogram 
thus represents a clustering of the actors, those actors who are connected by branches low in 
the diagram are closer to being perfectly structurally equivalent, whereas subsets of actors 
who are joined only through paths high up the diagram are less structurally equivalent (or 
are not equivalent at all). In brief, the lowest position in the diagram indicates that every 
actor is different while the highest position indicates that all actors are the same; what is in 
between is more important in terms of structural equivalence. Figure 16 shows the cluster 
diagram of Wegman’s network. 
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Figure 16: Dendrogram of Wegman’s network. 
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4.5 Blockmodeling 

Definition: A blockmodel is the process of identifying positions in the network. A block is 
a section of the adjacency matrix “a group of people” structurally equivalent. It consists of 
two things according to Wasserman and Faust [4] : 

• A partition of actors in the network into discrete subsets called positions. 

• For each pair of positions a statement of the presence or absence of a tie within or 
between the positions on each of the relations. 

A blockmodel is thus a hypothesis about a multirelational network. It presents general 
features of the network, such as the ties between positions, rather than information about 
individual actors. 

A blockmodel is a simplified representation of multirelational network that captures some 
of the general features of a network’s structure. Specifically, positions in a blockmodel con- 
tain actors who are approximately structurally equivalent. Actors in the same position have 
identical or similar ties to and from all actors in other positions. Thus, the blockmodel is 
stated at the level of the positions, not individual actors. 

Figure 17 shows these two clumps clustered in the upper left corner of the adjacency matrix, 
there is a total of four clusters in the graph. Each member of these clusters in structurally 
equivalent. The graph is based on random start blockmodeling applied on the network using 
structural equivalence while setting the number of cluster to be four. 

5 Advanced Analysis 

5.1 Discarding Weak Ties 

We next present some discussion on the network excluding the edges having weight=l, i.e. 
all the coauthors who wrote with Wegman only once. The basic concept is that actors 
who communicated “wrote” with Wegman only one time are most likely to be students who 
graduated and are no longer connected to Wegman in some sense or coauthors who have 
weak ties with Wegman at the current time. In conclusion, these are the ones with minimal 
impact on the network. We will assume that all the coauthors with tie strength being one 
have not coauthored with Wegman and therefore will be treated as isolated nodes in the 
network. Figure 18 shows the network without the edges with frequency = 1 together with 
the corresponding edge weight. As before, nodes’ color and size are set by the attribute 
“node degree” while edges’ color and thickness are set by the attribute “tie strength” . 

Figure 19 shows the cliques not including the nodes with edge weight=l, the number of 
cliques is 14. 

Figure 20 shows the network without Wegman. Clearly, the network is disconnected with 
fewer components. There are three subgroups that are still relatively strong, these subgroups 
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Figure 18: The network with coauthors having tie frequency=l isolated. 


are self- sustainable and can live on their own using “Ecology” terms, they form a separate 
subnetwork independently of Wegman. In the absence of Wegman, these coauthors can still 
write with each other. That kind of network is called support network, it has flat structure 
with few holes and high redundancy. One drawback about the support networks is the 
increased cost of coordination. 

5.2 Discarding Irrelevant Nodes 

At this stage, we will remove two of the clump subnetworks (cliques) for the following rea- 
sons. The first set of names to be deleted is {Y. Park, D. Socolinsky, D. Karakos, K. Church, 
R. Guglielmi, R. Coifman, D. Lin, D. Healey, M. Jacob, A. Tsao}; there was a project called 
Automated Serendipity and the main authors of the paper decided to add these individuals 
who contributed minimally to the paper. The second set of names to be removed include {R. 
Wall, Y. Zhu, J. Vandersluis, A. Dzubay, F. Camelli}; these individuals attended a course 
on Virtual Reality taught by Wegman who decided to credit everyone on the publication 
even though they did not write anything in the paper. 

Figure 21 shows the network with the above nodes being removed. We can characterize 
typical behaviors and types of interactions in the following manner. Structural holes are 
obvious characteristics of ego networks; in this network, Wegman plays the role of a bro- 
kerage. Structural holes have low redundancy and cause stress because there are too many 
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Figure 19: The clique set with coauthors having tie frequency=l isolated. 
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Figure 20: The network without Wegman. 
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Figure 21: Wegman’s network without the two clumps. 


nodes connected to the brokerage. The basic form of structural holes is a triad with one edge 
missing, in which two actors communicate with the same person, but do not communicate 
with each other. This can be easily seen in Wegman’s first-level network, see also Figure 4. 

Figure 22 shows the adjacency matrix after the two sets of nodes being removed. Figure 23 
shows the network emphasizing node degree and tie strength. Figure 24 shows the 35 cliques 
sets. Figure 25 shows the proximity (weighted adjacency) matrix in grey scale; the darker 
the color the higher the frequency. 

Lastly, we will apply blockmodeling techniques on the network in its final format. Fig- 
ures 26 and 27 show three and four clusters respectively of structurally equivalent actors. 
The method of building the blockmodel is iterative and requires steps; the number of repeti- 
tions used to form the blockmodel are set to 50. There are few remarks worth mentioning in 
this sense. Members of each cluster are structurally equivalent. We can also see that Weg- 
man always forms a separate cluster since he is acting as a brokerage leading to the fact that 
in the case of two clusters only; Wegman will form one cluster and the rest of the coauthors 
will form the other. Well, this is expected for the following two reasons - the network is an 
ego network, and secondly this network resembles only the first-level coauthorship. 
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Figure 23: Wegman’s network without the two clumps emphasizing node degree and tie strength. 



Figure 24: The 35 clique-sets. 
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6 Conclusion 

There is a potential “elite” group consisting of (Wegman, Solka, W. Martinez, Marchette, 
and Priebe). Members of this important group are high in degree, closeness and tie strength, 
removing these vertices will jeopardize the status and connectivity of the network. Structural 
holes are yet another characteristic of this ego network. 

The analysis presented in this paper suggests that Wegman operates a “mentor” network 
with most of the coauthors being younger than him. Most of them axe individuals who 
worked with Wegman to establish their future academic/industrial career and then left. The 
exception is the elite group, which were already established and have maintained communi- 
cation up to the present with Wegman. 

We can also argue on the quality versus quantity of the publications. Wegman favored 
quality of the work rather than quantity. This observation can be concluded by the many 
coauthors connected to him with few publications. 

Investigating the second level coauthorship network covering at least the elite group is of 
importance, it will provide a more clear and accurate picture of who-wrote-with-who and 
which coauthors are critical to the status of the network. The network is expected to expand 
and fold into itself. The second-level analysis of Wegman ’s network will be the next phase. 
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